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PREFACE

The results of1 lhe topside interference measurements reported in this
docutient have been previously promulgated by NELC in the form of pre-
liminary letter reports. D)istribution was limited to those commands believed
to be immediately conc'rned. It is now thought, however, that the results are
of1 wider interest, I lence, this issuance is mllade.

The work was perlormedt under O&MN INkVLSEC.(NIELC B1369) by h
members of tilie Radio Technology Division from March 1971 to November
1971. In adidition to ilie antihor. W, M. M Chase, I.. S. I lansen, antI I). I".
Porcioncola parlicipated. This document was approved for publica lion
27 l)ecember 1072.

Best Available Copy
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SECTION I

INTRODUCTION

I .1 SCOPE OF DOCUMENT

"This document presents lhe resulls of* measurements of ititermodula-
tion (IM) interference Lake;n aboard USS MOUNT WIHITNIEY (IST' 20). USS
ItBLUE RID)G;E (L(' 19•. and USS IWO JIMA (LPI! 2). In addition, the results

of laboratory tests of connectors hlat were interference sources aboard
BLUE 11 I)(; L are reporled. D)etails of lhe mewasuren•me• instrumllentaliion.
proccedures- and results are contained in sections 2 through 6. These sections
arc oullined helow.

Section 2 givec• ueasure|enut results obtaind aboard MOUNT
WIIITNFIY. aind compares, themt with results obtainedaboard 1rSS FOX

SII( .33, MOU INT WI II]NI Y wa% found to have considerably tower inter-
ttrencc levels lthanF l: X IFOIX haid trle% •i•olV thti cufoidecicl to havlleVI the
lowest topside-generated rtli levels amotigactive Meetc warships. tier good
performance resulted from extensIve topside rfi control measures (tnonmetallic
topside fixturest plus Mll.-SlI)-l 31011 hooding) installed in an earlier program.
MOUNT WlII'NIiY. on tlhe otter hand, was originally designed and built for
low topside levels.

Section 3 presents hl'iand vhf results ob•ained ahboard BIUF. RID(GiE,
and ctompa res theml with results oblained aboatrd MOUN'T WHITNIiY.
"Topside levels were determined to Ibe higher than those ohtained aboard
MOUNT WIIITNIEY but lower thatn those obtained aboard FOX, and it is
not believed lopside-generated itnterference constitutels a high probability
threat ito communications aboard BLUE 14I•ll0:.

Certain aspects or1 the BILUE: RIDIGE data indicated that strong sources
of intermodulation interference are con•rained in) a hroadband transmititing
antenna systeml. [hi1s problem] needts further investigation to devise corrective
measures. Also. both anphibioius command ship%. MOUNT IlrIT&lEY and
13,11I; RII(;I. appeared stll, ccl i) a gradual increae in topsite-generated
IM levels because of deterioration of lopside honding. Maintenance costs
could Ib reduced by a limited programn to replace certain topside itetmis with
glass-reinforced plastic parts.

S.-etion 4 gives retuIlts of uhl intertuodulation measurem1ents mnatde
aboard tBLUEI RI1)(K To1pside levels were found to be masked by1 srious
sources of interference in PIIASOR 90 uhf transmitting systems. The sources
were determined to be in Prodelin coaxial cable connectors and the
PIIASOR 90 power divider. Section 5 continues reporting the effort in this
area. givitng results of laboratory tests wherein corrective measuires were
devised. The method of installing Prodelin coaxial connectors was drastically
mnodified. U;-301)/tU connectors and internal steel lock-washers were
removed from the power divider and replaced with connectors not having
nonlinear material.

Sect ion 6 presents results of experiments conducted aboard IWO JIMA,
This effort was directed toward locating and identifying the most important
sources of topside-generated interference. New techniques were successfully
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applied to achimv thIls goall. It Was, I herefore, possible to devise a plan11 of'
minlimum topside I-1,1 emit Irot mea0sures fom 1,1I I-class ships. 'The phi a1 is III inkI
nial ill tihe senlse that removal (if only the Worst sources i%, recomnmended . 1t
is not vmleeted that1 implemnen tat ion oif the plan would reduce topside levels
to those of' FOX. It is expected, however, that a mnajor improvement wouldi
result, at minimum comt

1.2 SIGNIFICANCE~ OF FIND)INGS

TFhe lmiesu remeiets made aboiard .MOU NT WI! l'NI , Y. 1I LU1 1 1 DO I( 1:.
and IWO( J I NI A were tilie first opportunities I o lapply !hle Coci)epts oh very-
liiihi-order in termoduIa lion interferencel inl I rc'a sh ipboa rd environ men i.
New insights were gained inl this area wvhiich haive resulted inl increased ability
it) ana lyze IM hIin trlerence 1'requency spect rt. A se paralIe report onl thIki sub-
*iect has been p~repairedt.

From a 1101her. viewvpointI. thle resuilts of' wYork described inl IliS is(LIc-
mlen t %flow that a new level of, technical eiIComnpetence inl tilie Control of ship-
board initerference prohkm'ns h a s been aachiieved . Ikes Ilts I'rom lhe newv amnph ib-
iouis Command ships show that waIrships Can he built inl a way thlat yields low~
inlerference levels, Inl addition. tlie lechlnaical ability to select thle worst kilp-
side jut erterence soii rcks omi older ships otters hope tli ai very W( nhwhIMILh
iniprwvenientis miay he economically f'easiblek for active Heel~~ Ships.

Naval P.tcltori'iis bibirmihiry (Cell let T'echnichalilNte ~i, 110l v' fflqlt 0rder /Jile'!IhhNA.
S in ~~, iS,,, iNoth(1 61ni/dcralbi n ,( (Sprvtrw, t prnr ni nmie.I'~nii, ~'

Sil/el 'a.I . '.¶bt ifrrrrr1e'%li W. MI. Cluw~ 'dud II, W. ( n\.;aNI, .2 on~c
* \,v.i IIc i''flc~ ,ii.v;;eer ( edi m lciiiicai kllcue I I\52 1ndve1.' 1 I'l-Y-iingh.



SECTON 2

MOUNT WIHIITNEYV TOPSIIW IM I NTEiR FFR ENCE SUR YI'

2.1 BACKGROUND

Ilh' tests aboard USS MOUNT WI JITNEY were performed duiring thle
period 12-14 March 1971 wvhile the ship was en mutle C roin Norfolk. Viru'inia.
to (;tlafljtatjhlO.Ilo (kba. IDuring thle test period. ambient contlitionls were
close to ideal. The weather was Clear and dry, Will: the ship) s'~eani1ing sicadily
through calm scas, there was a mlinimumit ol sea spray in 11w air. Turs.
measured valuecs were not teniporarily lowered dute to Welting of tuj)p1de areas.

22OBJECTIVES

th'le purpo1)(se of' thle tests was twol~old: (aI) provide data wh ichi permit
overall quantitative assessmnent of' topside-genlerated intemniodulat icit (IMIN
interference levels. and tb) make a comparison to measured topsidle levek
previously obtained aboard 1155 FOX. Time and circumstances did not permit
extension of the work beyond thiese necessary tasks. Accordingly. other:1
technlically interesting tests, such as nonradiat ing testsi ot transmittecr svystciis
for residual IN! interfeCrence generation'or probing tot)j specitic topside inter-

ferenice contributors, were not pcerformed. Meas, -w:ients emnphiasit,-d the%
r-Gl ange- however, some data were obtainco ini thle 30-50Ml U ranile.

InI addition ito thle IN? interfeCrence tests. thle topside was% inspected
tor design details that wert. poitcnial sources ('t interference twneration. 'I he' e
observations arc reported inl section 23.5

2.3 TEST INSTIRUM.ll.NT*ATIION/II'ROCIE-I)URIT-S

2.3.1 MOUNT WI ITNEY TESTS

thei task o'aat e aating thet overall tpieitreec-eea n
characteristios o~f W)1 NT WI TITNEY necessitated caret':: considecration ot'
hotw thle Nihip's %VN stems were to hie used, Refering tol figure 2.1 . it is seen
thatI there is a total ot* seven broadband t ra nsm it Iinlg-antdInnas inl thle2-MI,
lud. It Was% dct ulcV ito tadiate at1 least onle I'requteney frotm eacht of these
anitennas 1at littilI ie dtingll thfe lests. 'I ranlsittit Iili on J10in11 tena -! andi
31-3 wvas coosidewedto nudI(shl topside e Silat ion. Whenl these mol antennas~l.
were eked ill ceult )fi.1lonl with .1-2. i:t't excitationl %is obtained. and kvc ot
antenna'l.1 -1 . 2-2'. mnd 2-1 suppliedl torward excitation. Antennat NIl u
Itiself fit uiv tite itistalnee inl cotuibiniat !ion witl Z: -3 itosev thle spec: Un:l
ofto lit~~ouato lilodul uiet c114 otmplex littiltillatioti tin otit le traNwaIle
The u111ncnns'I were driven fIn the normal matnter. using Icsh~ip\s transmijtites
rid hihlv 1~l de(t fit' Ifiltisttl ifil!n filli Itletilet 111VS at1 lt1V app; opt tal a'signed

ftc"4reunce SinceV mlost of, till shipsN I iatsitiitt1 mvi .11' tate .U IMkW
Ii:. it j'"iier letel "t:utli cwV Cilt0IsIoP was tised.
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MOUNT WI ITNI-Y has three broadband receiving antennas. each
driving arn appropriate SRA-38, -39. or -401 receiving inutticoupler. In addition,
there are 10 SRA-51 "miniwhips." All three broadband antennas and one of
lthe forward SRA-5 I *s were used during (the tests to drive lthe receiving test
equipment arranged its shownt in rigture 2.2.
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Figure 2.3. MCOUNT WHI I'NIE viHr M interference tneasurellncil I SVWI.

2.3.2 MOUNT WI iI-iNIEY/FOX COMPARATrIVE TEsTis

The phyls~iIl differenices between FOX and MNOUNTw Wi I ITNEY are
obvious, and are eleCtrom~awIe t iCa~ SIlifiint . Rig~orous comiparisoni of
results dICm-mids consistent test conditions. Whiiichi was not possible ill this
ease. Hlowever, by exciting~ thle ships with very nlearly tile same Irequnc~lies at
tile samei power level and using centrally loea ted transmitting antennias , a rotiLI1
comlparison was possibile. The greatest deviation between assigned test fre-
(1l~elliCiS Was less 11111 ]'i ; 31%. d. With thie test transm ittlei's adjusted for 2150
watts. Ilse of, t he Iii idsh p aii tennas 3-1 and 31-3 mlost nerysatisf'ied these
con dit ions. Thre receiving test eq LiIl~ilnn it. Was agalin arran1ge-1d as shown1 inl
ficuire 2.2. and thle samel prIocedures were followed. The measured MOUNT
WIHIITNIEY results are given inl lable 2.5. and are compared with tlte FOX
data1. ill table 2.0.

2.4 TILST RELSULTS

[he measured thi ta given inl tables 2.1,. 2.2. andl( 2.3 are 111arraned to
illustrate thle effeet (11 importantl par-ameters. E~aeh table shows thle mleasurled
interlererree levels arranged by order of intermoduilat ion product a.nd time
Isequenee0 for a givVntasiitiI1nen combination. Referring, to table 2.1.
it is see il that1 Iiii r-order pr-oducts var1iedI ltmi 1 ia X imIli1 in of+313dBI/,pV to
somei valute less t ha ii - I (Id 3f/PV. The t i inc the measurement is made hias ai primiary



effect on the level obtained. The data also show that the order of the IM product
being measured has an important effect on levels. The highest level at order 5
and above was 12dlI/P\V' and the lowest was less than -I O(lI/#AV.

Comparison of the data in table 2.1 with those of tables 2.2 and 2.3
shows that changing to different transmitting antenna combinations (lid not
have any pronounced effect on the interference levels. T'he forwvard transmit-
ting antennas (table 2.3) seemed to yield somewhat lower levels. This
impression probably arises from the fact that there were some instances where
very low ambieni noise levels masked ilie in termodula tion levels.

T'lie overall conclusion that caln bie drawn from these data is that the
design and construction techniques applied to MOUNT WII ITi'NIiY have achieved
a maior reduclion in topside intermodulation interlerence generalion as com-
pared to ships not so designed.

Figure 2.4 illustrates the clTec of1 using complex molulation (o one of,
rite transmitters. The interference appears to have a I'lat noise-like (luality over
approximalely a 4kll1 baxnd. Complex modularion of both transmitters would
have resulled inl treacer btandwidth o• significant intermnddultation interlfrence.

14612kHz

... AVERAGE

IIOIIIZONI AL 2k1 It PRFI DIVISION
VFU-IIICAL WnII3 IIELATIVF POWElR PER DIVISION
FFIE0ULNCY IIESOLUTION IkR; BJANDWIDTHl
|ECEIVING ANTENNAI i1.0
INIM IIMOD)lII.A ION PIIOJUrT 214-I1?
rIlAN:;M!i I INGSWS Is sI:

TIIANSMI Iii II I I ,4t13 k:.!klI , L' 1-) I kW AVEIIA(iE.
KW. ANI ENNA 2,3

I IIANSMI r rl-tl{ :' lnTbtfklltIF4', IkW PIEIP, I :iw
AVt:IIAGCL, II I ONE MIII11I I1 SX
MOtI-UJ ATION, ANTENNA 70.I

[ihnnc 2.-. MWININI WI II INIU.Y Icived l•lipside IM tI 111111
clslTllIT' lim• t l ttll li'ill till itlte' 1II aII% llit "•el

It



TABLE 2.1. MOUNT WHITNEY RECEIVED IIF TOPSIDE IM LEVELS�
IkW POWER APPLIED TO MIDSIIIP ANTENNAS
(12-13 MARCI I )7 1.

TRANSMITTING SYSTEM

Tranismittcr No. Frcqucncy, ki Iz Power, W Antenna; No.

I 2276 (F1) 750 3.1
2 12433.5 (F2) 1000 3-3

22130 (F3) 1000 3-3

RECEIVED LIVE.S

IM IM Frequency. LocaI Ambicnl,* IM Lcvel.** Receiving
FunCctio4n kllz Timhe dt/ IV d IIB/V Anttenn:a No.

P3-211 17581 2055 (12 Mair) -- 26 1-10
F3-2F1 175SI 205') (12 Mar) - 24 I-I0
F3+21`1 2(,o7,) 2110 (12 Mar) 33 1_1)
21:2.-1:3 2737 090(1 (13 Marr) 17 1-7
31:1 (•25 (Y) 1 (7 l 13 Mar) 27 1
.1:'..:" 225') 2 1050 (13 Mar) -10 I.10
211 1:3 2000 1057 (13 Mai) -1 O-1()

i1l 11375 (0585 (13 Ma) 0 7 I-,
51:1 11375 1000( 13 Mat) -60 12 1-1
.WIF-1:2F. 1(251.5 I10 1(13 Mar) -I *-1

7t1 15;.125 1010 (13 Mar) -, 2 I-10

)I:1 20-175 1(W5 113 Mar) -21 -,• 1-j0

* ILevel em. it g win rn t st lnll c itters ; 1 li air tsing 4001 I.z ha: itild,.vilh.

Whell not i•\'te .all aihlent is Ver'y Small co•in paret, it) IM level. -
**IM le 1 ittleeclict, is I ito l.c tVe l illp with Ii'liIsIiiiitIS e ' rlvraiing at illdicatetd p er.
"N4, t'• cit'trn I% made for •'celvig intilico•upler loss.
"* *1,1 no: t teci• able in I"leslice of Ia ninlient level.



TABLE 2.21. MOUNT WIIITN.Y RE-*CEIVED 1W -TOPSIDE IM LEVELS -

IkW POWE-R APPLIAED TO AFTrER ANTENNAS
013 M ARCIl1 197 1),

TRANSM i1TIN(; SYST~i'M

Iilsil~r N. Eeqwmicy. kilz Power, W Awnlimi~ No.

2276{FI) 750 3-1
212433.5 (112) 1000 3 .1

3 10255 (1-4) 1000 3-2

R1iCECIVI Vi) LEiVELS

IM IM Freqenpciy, Local1 Amhient * IM txvct,** Reevn
Function kllz Timei(I It~/pV d11/pV Amennal~ No.

2F4-F2 807635 1403 -6 391-

1121-14-P 1 O$234 1,422 1-10

2F-3- 1 .16392 14m, 23. 1-10

4P4-P 3719.5 1345 1-7
31-4-4V1- 21661 142$ 3 1-10

21:4-7171 457$ 33-i * 1-7

101:4.71:2 .155 15.5, 1414 -11-10

When fwt given. -imbient is wery SmllI Comnp~iled to IMI level.
**INN level telcretice is to receivet input with trittstiliers operating:tl indicated power.
No con ect ion is ma~de Ifor ieceiving multicoupler losis.
***IM not detectl1,le in presence of ambiient level.



TlAB~LE. 2.3. MOUNT WI IIINI RECI~~VED I) I TOPSIDE~l I M LEiVEL[S
1kW I'OWl'R APPLIIU)TO FORWARD) ANTE~NNAS

(13 MiA RCh 11971.

TRANSMITTING SYSTEM

liairsmiiticr ~No. IFie(itienicy, kI iz PnowerW An leniim No.

12276 (Fl) 1000) -)1
212433.5 0:2) I1001) 2-3
310255 (1:4) 1000!2.

IMI INI Frequetncy, Local Anirhierh,* IMI Level'"* Receiving
Im11criori L-111 Timre di I/PV dl)3/PV Antenna No.
"1:4.l:1 9076.5 lotsx 1 1-9
21:4-1:1 182.14 1641 -3 7 I-jo
21:4-1:1 807o,5 1734 1 -21 I Io

21:4.3 T'1 I1o8 625 10 -!
31:2-21:4 1 fi790.5 I 638 -tI 4 f
T-1:.31:1 13o8N2 171) I.9

41:4- IF 1719.5 16000 -27 1 -7
314-41`1. 2Irlo 1646 *1* 1.I

41 F1 1: 3719.5 1701%'-

'14-71:1 457S l161-7
114-71:1 .4578 1718 - . 1* j~)

101:4-71: 15j 153 1 h."1 3 1-10

od Im~ es ille wicelti Ic' Iiuiii itrlet,; ale oCIII rice rlit sing .10011/ Imundwidl111

;1`11 lcv l e'elellce I N hII leceivel inl)lpi "-il tt:11:"Init lets Ilper:Iritng 1 ;uiidicaulei po~wer.
N.i elcricctiot I% miade hit ieceiving mult~~icoupipid hiss.

Ii11"141 4I4-4eiahl e ill pIesce;lc (it ambientil level.

'I able 2.4 strzrrmari/L' 111w ICSLIIIS 01l tle measuiremntrs, of interoodrila-
Sioni lcveks Whren rcceivirwu .1 vi . Frequrencies. The lades at filre 'Ii I receivel*

NV\IIei lrl 11 ippeal- soiielic al,1 Iriglier I 1a;r1 tlre preceding" In1 resurlts. Sinke
:it l-~ka Ilie viii receiver- inlptLl will hc reduced hy ile '-Ill iri11tlricoliplar

I~tIhli~iiial-,( 1Ill for SR,\-6() . they' ar-c slightlylliv IRhder eve ir when C011ri-
pm~iicl ,iI ohldiilulvirI pointls inl fle syslerrrs. ilkdoes rol rrre;a1 trIhat severe

ir~cilrer~cwill gIlw~lvs (IWClIr to Vill -olrrriitiieal ionsllN by easorr of, this ruecha-
nIl -in1 hVIrciiVIrIL- 1iMnodr1iolao is Commrnonly uISd at vecry ligh frequnceries: 11h11S,
01Vc 011 .' dci may rilol Ihe al'fected. ()It tle ohrrlii hand, hE 'sysleins Iltequneullv
ilil I.SI moiriiclrtimii fas ilt fig. '.4,Wi. l w iriir t lo-udralorie'01Fo-i1

,I 11 l Ihu. iivilt'i iticlilatifiir pwi(tlicI% cold lti e explecledl Ii la~ve som~e l:NI
Inriic lr5 ill CVciii1 Ci ase-.. TlIrese I lisetvaIi ills siiIgtest 11lia1 a cairetut1

,,irrk -i- h~sed'i1 a Iait'e da 1i base, is ireeded -



I MW PO)WER APPLIEiI TO AFITE ANTENNAS
114 MARMT 11Q711

'I RANSM I*l ING SYSTUIM

Thniainiti N. Froqiiey. ki1 Powet, W Atilutimii No.

REO10IVIJWill.FVLI M

IN) 1N Iicicc.Ss~i M IN'W1.V4l. V1I'YIIII y
Fi:nticiu kilt ~~ bmll dRI/IV I11111 rird' 1, RljpJV

NAI~ M i 212(

FQ14 N.V Is -

4F5-4A 47513 5 01

MAS-I 41131 5 1LII

IFt:,I)15 412751 5 .3
51Z5-0 4  1 .t5M 5 41

*MAWMici iios WM ikan 1Mtv NYACIlti ntOise IM not dtictableat i evelsdbelow -5kd1I/uV.

11ble 23 si sam irwcs the datd takci usit h ISOW tit isniffer po~ cr.
I hew~ tbia wcrc Men tinider siinilfr iinditiIIsII t thosc eivct III table 2.1.o
;I comiparisoni shoul11d show tie 1wciflCd ti Ii~ilinmit cr Pio. (Ainquniw tk

dat. t i sc iI i 11w re is I iti c a ppaircn i di1tcrec 0c. lit sonic ase i icra-
inodjila i M Iclincrceises with "i amnstt r power: in aithcr cases. thc von-

yersc is, I rti. 1ud ica i i nsa i that the di tc 'ren I isa arisc more I-rton) tile t ini

chianpecs as Iransinitier powcr chiangcd iroi SO1W to MM0W [tAMpolatimm to

Ii-fier poer~ ImbclI MM IiNVWIl111 NI V has %vscral 5IW traiisitnitto xsould
he unwise 1li6 is bccausc Me physics oft Ihe nctric-aisigilcolo
only chiangc at file highcr excitatlion finwci levels.

Is



I ABL.! 2.5, MOUNTIWHlTNIEY RECEIVE V i: F TOPSIDE IM
LUEkLS 250W POWEiR APPLIU) TO MIDS141P
ANTVNNAS 012 MARCII 1971).

TRANSM ITTING SYS'ITM

TIfm.IllfIlii t No. Fictihicncy, k~li. Pow-', W Anicuni No,

227o Wi I ) 211 3-1
j,1335 (F:2) 250 3.13

2 21 30 1 V.11 250)3-

I NI IMI [Ieihaltw' Inel Aiohimii.' IM? iLevel'- RL-ceIviiJ.
l01t~ ~ k LI I/ Ii I,;,, ' (iII/pV Ani:c~ima~ No

1.1 Y13 4 1f HI

I I I-l.

ksi1 438- 1-i0

,A:! '44 1 1I -10

*i eve! C.XrI ang Wilcjt'l ( alraaaIIL it e oil 1 mwaauing 4111, :and(WaIiiia
WViiii m no tet m11a aimbima;is c~ al cu'ia 11pialed Io leI tvel.
"21MIA level rtIk!IieIk'v IS tolc) ivlCI ill pill NViIIaI aliiila~ltufels opem'mIalig al iamdicailed piowea.
No ccaiitcli,,is I Ile fti ieL'ivoiag iiialncouipli 1,

1 1('liN and ICIL'cI;IIIc Ill ('ie'~lkt( "I :a11111011 level.

I ;bllet '.0 \i(I)W% Hle koi0ip1rI'ahol Ioi leseis limiiircl 'UrC) idni 0 l( .\ 1
sttms tot'Sd' (dtI 15 lite raw thl oifm 1(1111o losts lo ariIW ;at OklitmmSlIII

cnailj~irmsofl ills ill Ilic tsvo shIIips syslimu. I lie valicm. gi~eii rcprescli [ lie
.mvaluIlhie illiefferemmee powetr il [lie %W hips' iesllectlit- rcet'ivim)U anflelilJs.

A% filie adil il ShaNY. I llifh-dC0-drd levels are ahout lite Smitne. 1111 fifll '11(

Ofirdjs ale si'IieI low Iser oull IMOtiNTWIIII NIA, while ninthl order is
%er low~ oil both 'dlips.



TABL F.6. COMPARISON OF TOPSIDE-GENERATED HARMONIC
LEVELS ON MOUNT WHITNEY (12 MARCH 197 1)
AND FOX (JUNE 1970).

TRANSMITTING SYSTF-MS

MOUNT WIIITNbY FOX
Trnsmitt Ftc utcny. Iw ,.,,, Antenna Ttansminer Frequency, INPwcr, Antenna

No,. kll w No. N(. kli. w No,.
1 217(1 251) X1 1 2272 1250 2-1

2 124.33.5 251) 3.3 2 12335 j 250 2-9
A 22130 250 3.3 I 221.4, 250W 2t

II XM fINTW\III'I NIY 14()X

IM i I IM tg ny IM level.* I I M lllý; , I-I >,e IM lt:v,-l.,"dlfpV

Ihulcut'll k I lz dll;,UV Itd kll/ Max Axg tkit,
WF 082. .3 11; 1 681f, 44 1) 31

SF[ 11380 7 511 1llfMo 32 22 24
71:1 15tJ32 " 71 FI 15904 31 21 21

I *1 20484 -'i** W:1 21448 <X - -<6 <2

Ig i ls i; giveit aIc conected fot receiving iulii Iplfe loss on MOUNT WI IITNiEY and antenna

**level Is atimospheric loise level. 9QFI is not detectable urals these cndlithms, Tlhis co-
ditioll 3lm) existed ol FOX: hvweyl. 11am1bient nloise levels were higher il thile taller cae.

2.5 TOPSIDE INSPECTION OBSERVATIONS
While touring the topsidc antenn•area on I I March, memberlc o1 the

NFI.(" leat observed manv tlopside design details the chairacteristitcs of which
contormi to idtea• long advocted by investigators of ttopide-gen erated
interference. I lowevcr. duri ng the period of MOUNT WI 1 uN ITY* construc-
fion. advances in the art of controlling this type of interlerence had been
imtade which could not have been included in the ship construct ion contract.
One practice which is now comsidered obsollte arnd which was followed on
MOUNT WHIITNEOY is tie use of fli bondsltraps bolted in place or otherwise
removable. This sort ofl fitting is easily lost, and imposesa continual maiate-
ounce problem on the ship. Present engineering practice would avoid this
problem by replacing the metallic ob1ject. which needs honding, with a non-
metallic one designed to serve the ,ame functionl. This climinates. tile nn-
linear junctions and the need for hondstraps. One example of a po,,sible
application of these methods oinhoard MOUNT WHITNEY would be replace-
menit of the jackstalT.

17



2.6 CONCLUSIONS AND RECOMMENDATIONS

lower level of'receivedl topsidle-gL'tieratcd selfl-interference. After addling
receiving iiu Itieoipler losses to thle levels nicastreci !in I he tests, rcstiltu if
levels ure eqIuivaklet, or slightly bolow, those obtained oni B~UNKlER III LL, thie
Nl*IiIX' lest f'acility. Results ohtained at orders 5, 7. ). and higher ore espechially
encotirtiging because, for a given nIiaii helr o1 transmiut trs; radiating, lthe higher
orders result in many more interference signals tlutitfthe third order does
Roughly. MOUNT WI IITNEY lovelIs a ppear to he 30-3 5dil~ lower I han war-
ships which have necil her ueen dlesigned Imr low lopside interference nor have

hadCS Wi es'aplied.

hi The comparison ol MOtINI WI I [IN l--Y to VOX shows a Aclar
aidvanago Ir liet lolrijier shtip. The advaiitagv k most cloar tntr 111th1- and
higher-order prodiicts.

C. Ait lthe piren.i l ime.a mtajor et tort dire~ctd Immrd ropmdhl III
clca iiiip is mi, ,(,mI iitdaomijti M( )t!N I WHtIlNl Y -Maineiitl,-k ()I

Ph'selt tow% 10%Yk' IN k'\pIL'cte~ III bI' dar 1 prfIM. 1boILil1. lhit,iin11mt i'o 1 III "ilk
0 MIIti 11)' hoiiisir1p t1SidWas MIS 11t iMICca 10 atI the 1 0i yo'1110V tests. PI'c cc mell
rem ovalI of* pot clitia I illerfeore ne conttribhiutors hi i1ed it c is vulnecra ble to
loss of, hond ing and I heir rep1IVl1cmen WVithI IPor~t Shil dtrd glass-
rehin Iorced phlasic (G RPI) itemis now availabFle or in dlevelopmnint stages IN

i~C~iiii~id~dto reduce lif'e-cycle iiaiiitenancl: costs,
d. Interfeurence to vh'Itreceivin~g systicils by reason of topside iliter-

mnodlanht ion betwee iliE tII Iriosin 155101 is isl apc iss ibiiity . ( See section)1 3 ic ir a
more thoroughi testiiig of' this possihlility.)



SECTION 3

BLUE RIIXDGE HF/VIF TOPSIDE IM INTERFERENCE SURVEY

3.1 BACKGROUND
The hft andl vhf measuirement results givein in this section were obtained

aboard USS IL.i. RIlXid during lthe period 2-5 August 1971. The entire
task assignment included measurements hatII, vhf, anid uhm Hind compairison or
results to those obtaineld aboard MOUNT WIIITNIY in March 10'7 1. The
uhf results are given in sect iol 4. Since thfi dlata were not obtained aboard
MOUNT WIhITNEY. the co•e parison ofI results (given in this sctio•t) is hliuted
to h rand vhf.

3.2 TIST INSil tIM INTATtON!lIIO('H)11l1 IS

I ti al icliia usltdi du rn g it,,ll! it w Ii tfvhl IcN, ts .t ae.howt in I igure 3. 1.
Antenna 2 wa -.1 wint used duite ti poi•l iillpetitanki Iemnatc1h. l10 I•s• c-.sN•;l •ted
substitution of the IPA (antenna 2-4v

In making specific interniodulation prodttut measurements, the test
equipment was arranged in tlme receiver room as shown in figure 3.2.

Flgieure 3.!A shows the interface between the test equipment and the
ships receiving system. The functions oI the three transmitter monitor and
control units were to allow test personnel direct control of test transmitter
keying. while observing, he presence of lhe radiated transmitter fu•ndamental
frequency ctlergy. The control units also permitted the direct comparison of
the transmitter carrier frequencies to the frequency standard by the -zero
bcat" method. InI test operations, it is necessary to show that IIIilnternodulat ion
Senergy levels generated in lth Imonitor-control are not sullicienlt to affect
mecasuremeviln results. This wis done by sequcntially disconnecting lhie rf input
to tihe mdnitors. while observing tihe level of'a reccievd IM product. Since
there was no measurable eff-t1, Ithc molnitor-conlrol equipments did nlot

influencC re7lts1N. This chelck was done whenever :mlew tran s i mitting frettuency
wits u•ýed or Imle transmitting .antennaswer, e chlnged.

[igure. 3.211 Shows tihe atmrrangcment ot thc receiving test ehluiplinient

The two separate receivers, are thle referece. IM rcceiver and the dala IM
ýeceiver. The reference IM receiver wats set Io the third harmonic 173XbkltzI
oI thc lowest transmitting frequency 12462Mk I). This swas done to obtain a
reference signal for evaluating variAbility of topsidc conditions. The data IM
receiver has lhe advantage of being quickly and accurately changed inl
frequency. The noise figure is approximately 14d11. which yields at system
no;ise level of -27dB/pVwith 40011z bandwidth. Uwe of the synthesizers in
the test system greatly accelerated test operations by eliminating the need to
ch ange crystals in the D)rake receiver. j

To observe IM spectra with heavy transmission traffic demands. nine
of thc ship's transmitters were operated as shown inl table 3. 1. Since none of
the transmitters were operated above IOMIz, a sweep of the spectrutm from
10-30M Ilz couldd bte mladc using the equipment arrangi'tent of figure 3.3.
The spectrum analyzer was arranged to show either 10-20MHz or 20-30MHz

S1i
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spectra ais desired. T1he exposure lime of the cameira was set equal to the
lite requircd for onfiv spectrum ntalyimr sweep. lo obtain the data. the
appropriate filter ol the SRA-40 iulticoupler was tutned in 250kllz incre-

ennts. with one exposure of the catmera film per hller funing incremen1t.
"T'he function ot the oscilloscope wa.s to provide an auxiliary spectrum display
t) permit viewing by the operi•htr with t(he camera in place over the spectrum
analyzer display.

ANT -10 CANTED DIPOLE

S LOAD

SSRA-40.

FILTERED R FILTERED RF
10-30MHz 10-17MHz

HP-355CD

ATTENUATOR

S NELC ATTENUATOR SYNTHESIZER DRIVER

COUPLER MP-355CD HP-5100A HP-5110A

SPECTRUM OSCILLOSCOPE
ANALYZER SWEEP (- OE

TEKTRONIX 441 TEKTRONIX 453

CAMERA
TE KTRONI X C-30

Figure 3.3. Receiving equipment for BLUE RIDGE maximum radiation test.
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TABII.3 31. TRANSMITTING I•QUIPMI-N'I USED IN BLUIE RID)Gl
MAXIMUM RAIIATION TEST.

Transmitter No, Frequency, kili Fnl1ssion Av PIowei, W AnIcimi Coupl.r No.

(SR('23)

3.2 2240 3A7.1 700 Twin ria 16I
1.l 3200 3A7J 700 C(, -.l, I35-) 11W 39'
2-2 .3357 .1tA7.I 900 Twill Iall 16, I'rmie 65•.72 P&I

7-i 43"28• I..•,i: 700I (',ol.lle

(1. 6218.5 3A.4 701) (age 36.6., Ira ow I X

8. X.51s 1-.41:1 700 (age 30-M, I'm mc IX

1.1 1251 0 1.241:1 700 ('aige 361. Il:nile 18

4.2 2075 3A7.1 6(0 Twill Iiu1, 1l(

II.I 322 3A32J ()) ('Au,1 50 .15-1

33.3 TIS I' ItESU LIS

Restills or filhe meisurements are given in 'igures 3.4 and 3.5 and in

lables 3.2 through 3.5. Figure 3.4 shows (li level or the rel'erlnei third
hariion icas a I'Umclioll oI1, lime. Ialo's 3.2 Ihrough 3.5 sumlirizc results of*
-I tihl oflher specific in terillod ukl;iIion product iatiw,,lremltnlt.s exclusive of' the
lthird harilonic. F lgIure 3,5 is II sperirln. Sweepl obtiained during i lig i e ilI ini

r'adialion lest . In addilion, results or ChlIfa inbie i noise1 inCa riicImL i inudellilC

during ithe maxiloili rmlial inn pe'riod arc prlc-nlted ill table 3.0. aind (lie
receiving equipmen I used is shown ill figure 3.61.

"These results are dimisscssd il detail below,
TRANSMITTER RECEIVER

FREQUENCY: 2462ki4z (Fl) FREOUENCY 7386kH.i (3Fi)
POWER' 1000W ANTENNA- 1-8 SRA-39)
ANTENNA 3-1 UNTIL 1400, 3 AUGUST
ANTENNA 2-1 AFTER 1900.3 AUGUST

NOTE: LOWER LEVEL OCCURS ONLY WHEN F2 (12.334.9kHz| IS KEYED ON ANTENNA 3-3;1 kW. CW

: 1 70 O0.0 0--0, 9-___" __

0 - 1D.

50 I \ ' -

0

2100 2200 2300 0900 1100 1300 1900 2100

2 AUG 3 AUG

LOCAL TIME
l:gU, 3.4. Third liimolic level as1 a Iullliiioll of Imne BLUIE RIIG:Il hf/vhr IM inter-

ference l, i ;lllrcnieilns.
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w
>'

A-11

cc 11

TO J P0WER SRA-33f
ANTENNAS - IfVIIEWf- ATN TO

POLARAD N-I
PRECISION PREAMPLIFIER

GENERATOR

SIIIP*S EQUIPMENT 
FIELD INENSITY

EiMETERj

Figurfe 3,t, Receivilg equipment used Io measure tilifwnbiestt noise5 levels
Aluring l1il1'ilti t&1X mlaximuim radiation test.
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T'ABLE. 3.2. BILUEJ RID)GE, Rlj('OI'Vii)I 'D i~'~)1; IM iii
I kW I()OWI'R AP'PLiIED TO MI)SiIIIP ANT'ENNAS
(2 AUCUST 1971).

TIRANSMITT1ING; SYSTEiM

1]1t11%iuiitI Nil. PoweL~y kt imvr, w Anlemmh Nil.

21.1t2 (1:3) 10001 3-3

Rut I l)LEjYFIS

I\1 1Eui1clioii INI FIc~le.j~ll.\ . k.It I/ 1\ I evcl. cIIIpV Rcciivint! Atiiicrii Nil.

H-2I 1551301 1 -10

i-7n

1~: A:4F. 484(,.' I -i

71:1 17`3.1 )I-)

*11% mili dei'clable ill p u1 :nnic libie level. ()pcroiip lrauuisuliirer,ý at indicated 11me

TA]A,\t3I3. B~ILUE RIi)(;I" Ri:(i1'1:VII) IllIF IOPSIDI: 11\1 iLEVELS
I k W P VI 'O R A PIT I I 'T 1:0 (R W AR1) A NTI NNA S
(3 AUG;UST 10171

TRANS IFII IN(; SYSITAI

I uu1mwii ce Nil. [cquency. k- I I I owr I. % Atilenuik Nil.

-1 (3)34.1) (1:2) 110002.
3 112 64.5 11:4) 11000 2 .4



K1Et1~1ViI)TABILE 3.3 (CONTINUED)

I '44- 101911.1 37 1_10
21--11 20067 2A 1_10

!F14-311 15 143 7~1_10
3`2141447.5.5 QRM** M

41-4-0W2 140j., 4 IQ14M)4- I
.11`4-411 .99)453 -7 I-I)0

11~I-I 19c h(ORMNI 1.7

1.eI-vcl 1k i11u1cifo~ Ionly. )Opulinp) I i:, i~m at oi i 1m11holed powe lee pn tidtivel no

o1crea In tecetIveo eneiegy.

IkV POWH;R A1111 11:) TO AFTER~ ANTEiNNAS
03 AU 1151 1971 I.

TRANSWr1TING SYSTEiM

1I '14.'o- it 4) HIuaaaa

itt cI IVI 1) 11 Vt IS

I NI U -n IN -%o~-ix1 Ith ICM , 1 d W dIN Rctcming~ Aitci) rNi,,~

21---I- 2uu7 33 -1

.1121-21- 1447i.5 I -it)
21`4-3U1 1 151.13 12 -)

4F1:-' 12 go053_1 1 48

31--11-41:1 231145.5 11 1-lu)

21:4-71:1 5259, .17

1fol4-7E:2 203013. -22* 1 1.10
*Icc i-; amnbietoniltrly. U1wrahing h)iammiu)i)ci at indica~ted power produced1 no mncrexuse
in ecogved energy.

27



TAB3LE 3.5. B3LUE~ RIDGF: RIEC11:IVI.D VIIIT'OPSII)I, IM LFVELS -
I kW POWLHR AI1PLII1) 'I'O AlITIiR ANTENNAS
03 AUGUJST 19)71).

TIRANSMIi1IN( SYSTFM

I raiiIih lei. Nil, I'reqimc~iy. klil Powerc, W Ajiitcmm Nu.

3 11 24A.5(0:4) 1 (AM) .

WI(I:IVI:I) I iViITS

31.5 i-74i1 it

e)~[l *,5 - s)13'''

F5 .4 F4 30?ii4 .5 5

*IM al,i;.CIih II sp,'ýakei . ( )pe:ii iii I fanlsmiil lei %a Idincatedil imv pi ndlic'eI fn' gIi.,asuiijk

TA I .1- 3. 6. RL.A'I VV LUllI NOISI1- I VFL\IS Rl.('HVW-I) I)IJRIN'(
It.ui. RID l)( MA XIM1UM I{A lIATIflN rITST.

l.CiiL'I, . Nn~i~ I csi A I I CAi It 1xvcI, Lilt '______ I esi c
NI 1 Figw'. LIR Itvel. LillI (145 i 0(1Ii u h I c% 1. di~

I 2> " 1a 11111 11I111e 01 'Ii

Iici.II U~c:ig iZLIl 14 c',i II A oinkmm I i h

3.3.1 SI sTIFII INM NI [AS'. RI MINI'S

Th ii. LI eiecc ill the oveirall average level of tile reernc th'iLC irild hr-
in1onic I52dB3/jA')inll thý overill average ol'all other thiird-order products
(2')dBI'JMV) iS l111'e Cetiough to IV Siglifiiiatllf. It Caii he liv~otlilesi/edQntl thalie
iitzisiici eililt resti 1k arise fromi two systelms of Catiscs.

Iii CQ si rIone r1 Cd tIles wereC ill file trldiisin (iti g Syst emi of (110 lowest fre-
(jlueicy (1-li. These more important nonlinearitics wcre dr11iVen very well by
F] bhut.lbecause: of antenna dle:ot pling. to a lesser dlegree by test transmitters
at otheri freqluecnies.



There are Indications that some of the most important nonlincaritles
contributing to the high third harmonic level wure also excited by other trans-
mitter frequencies, Referring to figure 3.4, it is seeun that the level of 3MI
dropped I10dD when F2! was keyed. Trhis I"loading" effect has been observed
frequently in other Shipboard tests, Usually, it is considered that the energy
from the second transmitter causes a "bias" to be developed in one or miore
strong nionlinearitles, which !in turn causes an increase in "conversion loss,"
thereby producing I lowered 31-1 received level, Since V2 is roughly I 2MI114
it might appear thill excitation of' the nonlineari ties by this freqcuency would
meian file idea of the Interference source being within thle 2-tM~lI tranlsmlitting,
system is incorrect. I towever, antc~nnas of' thce twin-fan typc, Similar to 3-1i,
otten Inatine on well at I 2MI11. Also, antenna 3-3. which radiated thle I 2Mlltz
enerIgy, IS ph1ysically very close to antenna 3-1 . and shares the same support iag
su perstructutre (a% Shown inl 11g. 3.1 I . Thus. tile possibility of* close coupling
betweenf these two antennlas cxists. at least near I 2MIf/. Also. thle -loading-'
effect existed on~vly lbt tis par cl o ih a f a i leinas and frcquvnii cs.

Ii 1 fiv telrehr aI reasonable hypothesis that twvo group% of' nonlinvari-
it%-. wVIC operiv llt dlinng tile %fcit-lel IM Oncsretns.tTe group had Ius
Strongest contributor(s) in lithe broadband circuitry of antenna 3-I that is,
all compontents beginning with tlte transmitting LMu ~tnoupler Com ihinter and
extending out board Inl thle direct ion of power flow to the% last piece which is
part oif ident illahle ant enna hlardware. The Second group consisted of all tile
topside interference-genterating nonlinearities which appear to be more or less
equally excited by all Irausmit tling combinations.

The significance of* tho hypothesis is t-hat, when two or miore trans-
initter Signals are radiated using antennia .1-1 , very muich higher levels of inter-
Modulation interference canl be expected in) the ship's receiving systemn than
when other transmitting comtbinations are used, Thle levels expected would
be mutch like those aboard untreated warships meaUSUred earlier fin thle rfi
programi. IM products through att least thle ninth order will he of signitllence
when I koW transmitters are used. When htigher transmnitter powers are used,
higher ordfers than the ninth are likely to become significant. Oil thle other
hand. usins~p transmnitters on othter antennias wilt resuilt in greditly reduced INI
level,;. Not utsing antenina 3-1 is an unisatisfactory restrict ion pto, operational
tisac' of* the shlap's Conl]1111nica I ;ons sistem.l It will bie n1cessarv to locate andi
cotrect lthe problenitsd.

3.3.2 MAXIMUM RAD)IATION TEST

The data given in figure 3.5 ate not very informnative about interference
conditions. The primary reason is that there is no way to differentiate between
interfe'rence and desired signals. For example, there is a spectrum shown it,
tligure 3.5 at a level of abouit 27dill/loV julst above I 5Mutz, which is, about
20f0ki-i. wide. lEven so. the ship was mainitaining high-quality reception oinj
an important channel in this frequency range all during thle maximium radia-
tion test. Therefore. at least some of the energy was desired signal, not
interference.

It was, of course, planned to take additional spectrum data with
minimtum radiation. However, the first part of thle experiment took too long.
'Sufficient diurnal chance in prop~agatiion conditions occurred so that remlote
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Signals. utc.,. CaIlmed Ilarge seginents ot' !lhe spectrum to contain more energy
than when all transmitters were radiating. Also, data recording dhiring this
latter' plumi. was bamnpered by ha iiLire ol' the camera Slnttt11U and visual cibserva-
0ion 0t' the speCtrum11 Iisplaly Was necessary.

These resiul Is are at only instructive valuie. Should a not her such
mecasurement he alt h'jine.d. more iiselul rusults woulId hie ohtained by uising
aI mlore sensitive sped ru li na1 lyzer (withI a imore rcl iu he camul ra) and ia more
rupid key ingp seclluenee of' [he tranlsnlitters. IV~en will) (liei mlanu~ally operated
Il'lets ot' the SR A-40, it shouild hie possi ble Io perlorm) lit least Iwo sweeps ill a
I *hour period. 11' filhe proper stalling, time wore chosenI, propagatiolnl conditions
coulld hio expecled to relmain sulTiciently stable to obtlainl good dat~i ill that
Icuigi Ii ot I inue.

lii1: 11i11, Ilokoi increase (hiiriing this ftest shown inl table 3.6i, is intcerstiiW'.
('umlpared to the ollici tor-ins at' hintreriwet retuaile( ill NFLU .(vi Letevport
2100O-238.3 these results are n)(t rCg;Irded as'a i un lineall toI-3 pre0 n I)T 1C0111
nu111icii~ alilSnVti'l I IowCWI, somell htuirL ,v,,1emib mlay ieed Io miake
,iIloanceiii. cii this ectlt~. 11111 SA. OIt(1 vtiiliesuipl.ii h hV(111kihe--

lowial niiase produced fIie sallie audible saiiid in thle carphaiies; as the ouiiitil
orlfihe calibrated 11oise geilcrnitar When'f it Was% Used to obtalil thle SaMe1 meter
detflection. 'I'lieiel'ore it can1 be conIsideredI Whlite' noise, t0 a1 f'lu apomtin

3.4 BLUE RII)WE/MOUNT WHITNLY COMPARISON
Th e sli in mia ry Comipa riso)o Ii atiisI s oihi a nd a hr ald MO(UI.NT W iI INI Y

with I1105C obtaiiiiid abloard liI.Ul-, RiIDGE is giveni ini table .3.7. It shiould bie
noteCd 111il th11 resultS LgiveiCiII I. BUE; RIZI)( do not include thle data or
l11iire 3.4. These art: am it ted oil 1111C hasis or tihe plausible hypothesis dis-
Cussed abovQ ttiat is. theý ithird hdrmlonic levels were. titue primarily' lo the

I ecliiically speaikinig. tlhe overall (tilTeremiiil rtaclir is t 3dB inlliu~
)l' MOIN'tWHI lNI Y ;it lit. TkIisIiiIClI dil'I'iCreoCe in oiverall Vil~si
u'i~inh .olv c avidlret~i Nllicivin t)I lit slalilictia~ll\ -'.viL'iL;IielIt. Holwever. Ote lioN.I
siiiki~ip rt:,ilIti are the verN 1ow levels abtdiled ihoairtl M( )t 'N Wiltt I Nh'Y
ialoill I in to nlinei Aclualtv. thec MOIIN' WH'l NI Y results are so Imv Htim~
ills, I)nhaIv ible uiVCi' iilliporlailll t11;i HL( lw 0)(d- hid I 3dl; hipgher topside-
genceraled1. leveS lot1 a uuinbi'rI of' years. iap idIC-rli-rckduci iou researeli work-
;it Nl- lU hasý hail aI lecliiiieal Ltal welt maliu~ed b) v ile peffrtainiice 0't 131,11
Rt)( IF as, given inl tabte 3.7. S;1ncC the1 sWeiuiti andI hiLgher ordersN o' ilter'
110IiiltLi tilL) a jilt Cer'ue ace a verage a pproxi.5ma ely v I V o r less. tliley ciiaI lie
realsO na Ny Icrile neil Li iillaort ull ilt eteiae. t'h is proie ilsC eemis to correlate
kvitlhftle kack at ditticulty in receivinlg remlote sLzl~iols during the mlaxinuitlil
radiationl lest described earlier.

H-owever. iL.UlF RIDGE;t does haive conusideraibly higher Irminsmtitting-
svstCIIu-geIICNI1te illturniduilat~itin iiltIleti'i thanv l MOUINTl Wl*I IlNLY.

'1Nav'al Lh'~ICioijCS Lt~ihmaliry Center I-cuer Smut~ 2 ltot-23.s. sitibjeeti: I 'ill: limeriiidutii
tiioi lteiirtcrcice uss BLUE RltM;L ICC' 19)l.27 Auguist 1971.
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Aboard th~e latter ship, there were no peculiarities of the measurement results
as were obtained aboard BLUE RIJXEi

At vrl there was no measuirable difference in hltermoculpLtlioni levels
abo~ard lthe two ships. Third-order IM products, for example. differed by only
I .5dB: MOUJNT'WIll'I*lN,'iY hvinig an average ,level of 21d13/pVwhile BELE
RIDXGl had 22.StlilpV. This differential approximates thle experimental
accuracy to lie expected iii shipboard measuremnents

TABLE 3.7. (X)Mf'ARISON OF~ RF(TVllVII) 1W -TOPSIDI) IM
LfiVELlS ON MOUNTF WIIIT(NI:VY AND 11,1if; RII)Cli:.

INI MUM! IN lillINIFY IIf I+ R[ftIM& ~ Rlatitve IMI I evek
Ordr I! Iowl. dtpV IM! I ewk s ftiljiV (1111 IT fifKJ; - MO! N'N Will] Nf--i

Ni-AetM- i At g Maxtiiv a

A 1y.; 1..n Avg utavt

reosultved inscthes IMilevel,:

a. Measurements of particular INM products strongly indicate utha
unde ceraincondil ions generalfly low levels of topisife-genera red interterence
willgivewayto much hiighcr levels generated within one of thLe ship's 2-6MHz
tranmitingantenna systems. Levels afttributable to topside sources average
2UdBjjV ~orthird-ordecr prodtficts: seventh and higher order products are on
theordr f' pV or less. and can bie reasoniablly considered uinmportant.
Conerslylevels att Iributlable to liii'antenna system are 23dB higher for thle

third-order fprodut;thet1 highest order of significance is not known, but it is-
surely greater than thie seventh. Theirefore, it is recommended that a program
to locate and renmov nonlinearities in the antenna system be undertaken.



h. The attempt to measure overall shipboard self-interference over
a wide lit' 'requenCey range while trimsmitting with nine transmitters did not
yield useful data. 'The primary reason was the change In propagation condi-
tions which occurred during the measurements. Increases in signal strength
from remote stations confused the results. On the other hand, observations
of uh"f noise during the same test were successl'ul. UHF noise increased 2dB
when nine hfi transmitters were on the air.

c. Comparison of' the selfig'neratd h' interference characteristics
of' BLUE RII)( ;I and MOUNT WI III'NIY shows a distinct advantage ill I'1lvor
of' MOUNT WHITNIEY. Iler topsid,-ti'nerated levels average 1303 less , hia
those of BLU lJI RIDG(;E. In addition. MOUNT WIIITNIY did not inI(iea •h
any interl'erence generat'ion by thl Irc ansinitling ant1tnni system, O(i the other
hand, vhlt levels ai board the two ships were •otInd to be eqLual.
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SECTION 4

BLUE RIDGE UHF TOPSIDE IM INTERFERENCE SURVEY

4.1 BACKGROUND

As stated in the preceding section, the entire project of measuring
shipboard intermodulation interference aboard BLUF RIIX;i|E included
measurements at hE, vhf, and uhf. The Ill and vhf results were presented in
section 3, This testing also Indicated significant sources of interference in the
ship's uhf ¢ coaxial cabling: -ince similar cabling techniqutes may be used iii
many installations in the Fleet, the uhf rrestulls were selected for separate
reporting.

Aside from the intermodulation measurements that were made. two
pi incipal inlerference generatlors the RG-33 1/UJ conneclors and the PI IASOR
40) powcr divider were examined. The results offthese studies are als-o
reported here.

4.2 IM INTERFERENCE TESTS
A series of diagnostic tests was performed to isolate the principal

interference generators. The concept of these tests envisaged two phases.
In the first phase, one complete PI IASOR 90 transmitt ing system located in
BLUE RIIDE's uhf mrctio compartment I would he subjected to a "Closed"
system test wherein the four antennas of the antenna array would be tempo-
rarily disconnected and replaced by four linear dummy loads (LI)'s)
connected at the outputs of the rf power divider which isa part of the stystem.
First-phase results would show the intrinsic inlertnodula lioin-genlerationi
property of the installed transmitting equiptments. In thle second pliawe thle
antenna cables would be reconnected and tihe IM measurements repeated. If
the resulls of tihe first phase were s•uficiently low as compared to the results
of the second phase, the conclusion could be safely drawn hflat the major IM
interference source(s) were beyond the power divider in thle direction of
transmitter power flow.

"11he measurement system used for these uhf IM interference tests is
shown in figure 4.1. Referring to this block diagram, the procedures followed
and the results obtained for each of the diagnostic tests are discussed below.

it
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4,2.1 TEST A

Beginning with the initial rirst-phase measurement, tile LDL coaxial
cable connections at points A. B. C, and D and the receiver input at point 3
were made. The measurement receiver and section 3 of the SRA-33 were tuned
nas a system to the third-order intermodulation product frequency 2FI-F2
1348.7MHz). The measured level nf the received IM product at this frequency
was IOdBl/pV, and was obtained when and only when both transmitters were
keyed. This high level prompted a trial at a inueh-hligher-order product, so
receiver system tuning was adiusted to a 212nd-order product 12FI-I OF2
(360.8MizL. The measured level was -3dB/uV. A third measurement at the
fiflth-order product 3FI-2P2 (372.1MIPz) yielded 304l//pV. At this time, it
was decided to investigate specific possible sources within the transmitting system.

4.2.2 TEST B

(Joe 4 of the 1.)l.'s was removed .rom the power divider output and
connected s1% the l3;r end off the IR(-33.1 cahle leading trom tihe llit icotapler
(point F). Repetition of the mneasurement at 372.1 MIlz produced the sanei
level, which showed theat the power divider was not the principal source.
However, in the process of changing connections, it was noted that metal
filings were present in the coaxial filling on the RG-33 1. These particles
were removed, bult the properties of lhe filling were still suspect. Accordingly.
the connector was gently wobbled by hand while observing the rfi level. The
wobbling action produced large variations in the observed level. This suggested
complete removal of the RG-331 cabtle and its connectors from the system,
and the IDL connection at F was made, placing tile [11 directly at the out-
put of the SRA-33. Under these latter conditions, the level of the same fifth-
order product dropped to approximately -IOdB/pV. Accordingly. a length of
RG-214 was substituted for the RG-331. With the LI)L at the far end of the
RF-2 14. the observed level was -5dB/YV. Thus, the t(G-331 cable assembly
was shown to be tlue principal source of nonlinear action.

At this point. the ineasrcistr sit receiving systemi was returned to ihe
third-order insernodtulatioti product frequency to obtain a sromnger working

signal. At this frequency. 34M.7Mllz, the level with the [IL at lite far end
of the R(;-214 cable (point F) was 3dB/p V.

4.2.3 Ti'EST C

The conditions of the initial test were reestablished by connecting the
RG-214 to the power divider and replacing the LI)L at the power divider out-
put connector (point A). Under these conditions. the power divider produced
a level of 26djilpV. Thus. the level at 348.7M~lz was reduced 34db below the
original level twhcn the RG-331 cable assembly was used). However, the power
divider was also shown to be a lesser source of nonlinear action, since its inclu-
sion in the system under test caused a 23dB increase in third-order product level.
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4.2.4 TESTI1)
Since nothing could lie dlone to modify the Intrinsic rff generation of

tile power divider, it was decided to substituite the antennas for the dummy
load% inl an attempt to observe topside-getlertted levels. This was done ill
%tep-wise fashion iiý first mteasuring thle third-order level (3487MI-lz) with one
antenna and three LI)L's, then two anteninas anid two L)L's. etc., until Ill
four antennas were connected. With onily antenna 4-1 A cinnected, the level
was 52d13/gV. with antennas 4-1 A and 4-I11I, the level was 0XdlI/pV: with
4-1 A, 4-1 B, aind 4-1 C, it was 64dl3/p~V: with all1 lour antennlas. thle level was
60dIB/,uV. H-owever, these levels were not believed dite to topside generation.
Since tile antennu cables were also RG-33 I's, their connections were suspect.
Girasping the four closely spaced cables with [lie hand and genItly pushing
back -ind IkrthI produaced variaol ion illhtermodulat ion prodluct ltevel andl

occasi o nra bursts ofi bIro adb anrd nioise . T his procredulre was fl lo wed :ri sc vcra
IM product f'requencies: flre results aro giveni inl table 4.1.

TlABIl-V 4.1. IM LEVELS PRC)DUCl'D WHILE'l WOBBHLING1 R(;-331
ANTIENNA C'Al3LFS.

IM Pulnet ion (Or-der) Frequency. Ml Iz' IM Level, dB/MV
Mill Max

F I +- ) 1419.7 60t XC0
31I-21,215) 372.1 24 40
12F2-IOFI(22) 309.7 3 5
251:2-22H1(47) 390.0 -3 9

Ar' inspect ion of the inlstalljed connlectors and cables inica ted thle
most probable cause of thle interferenco generation. Two types of connectors
were f'oundI to be USeI Onl tile AR-331I (Plrodel in) cable. one manir factured b~y
Plrelps-lDodge and tilie other by Prodel in. Several of' thiese connectors, lock-inlL
ni1t s were only lightly tightenled, a rd One Con nector W,1% free to slip ailong tile
ourtside ofithe IW -33 I outer aihnninuir conduct or. Thie inspeco on wa~s ex-
Itended to other uhf and~C Vh~f insalationAIs both1 inl uhlf* radio Conliparilnient I
arnd iillIE B [11 RI' ;V te uupenIcniatne Use of this type of'
hard witre is st indirrd thIr ourghou (ii he ship inl instal laitons otlenratin g at Ilhe se
l'reqluenlcies. As aI result.- the decision was made to termi nato uhfi rfi test iri
;rrrd doevotie IThereminilder of' the at-sea test period to other areas of* interest
witIh in thle scope of' tile overall task assignment.

4.3 IIG-331 CONNECTOR DESIGN STUDY
Upon departinig BLUE RIDGE. a short sample ot' R(-.33 and one of'

vach type conineclor were obtaninied. *lhcso wore Used, together wit tn manu-
tlacitiurers' cross-section drawings and speeit'ications, to obtain a better uinder-
shi:,d1ing of exactly how tilie connectors are designed and how they are supposed



to be installed. At the conclusion of this brief study, the following technical
opinions were formed:

a. In both types of connector, the electrical connections depend on
mechanical pressure Instead of"an electrical bond, Pressure conncction.lre
subject to nonlinear contact resistance buildup duc to vibration avid/or
chemical action over a period of time.

b. In both types of connector, mechanical pretsure is applied through
jamming nuts which appear subjecl to loosening under vibrat ion.

c. R;-3311 cable has a specified inimium bend radius or S inchls.
lesser bend radii were folrmed in somne places in thie BLUE RIDIiGEI installation,
although accurate nieasurernenis were not miade., Such had practices should he
avoided,

4.4 POWER I)IVII)IKR IXAMINATION

one or tie PIIASOR 90) power divider assemblies was loaned to NEW("
by BLUE RIDGE for study, Upon close examination, it was fouid that the
rf connectors on this assembly are modified type UG-30 1)/U's. This type of
connector was determined some time ago to lie a source of interniodulation
interference. It is a double-lkmiale, hermelitcally sealed device. The hermetic
seal is obtained by forming the coaxial center conductor of kovar, or a simifflar
alloy, which malches the thermal coefficient of the glass insulating bead that
supports it. Un!fortunately, alloys of this type arc ferronmagnetic. I1hcrel'ore,
when used in high-current-densily, multifrequency applications, such as this
case. IM interfrenace is generated.

It should ble pointed out that the powver divider was designed even
earlier than tha discovery or the nonlinear property of the UG-30 DU. Also.
of this series. only the U(;-301U is linear: all other versions are nonlinear.
including th leIatest modification. whlich ik the UG-30 F:/U. Attempts Ip
obtain• hc til -3011t from Navy stupply have not lben successf.ul: however, it
is available commercially.

4ý IDISCUSSION

It can lie expected that the effect ot the two types of ionlinearities
found here on the q(ality o •uhif voice communicatlions will lie quite variatle.
Reception o(f mess1tges at some frequencies may be blocked fromt time Ic little
by'very strong low-order intermhodulation interference. A considerably larger j
number of receive frequencies will coincide with high-order IM interferentce
having mutich lower amplitude. 'The latter will hav• lhle leflet of reducing the
range at which effective collUtllilcations call Ibe laintained instead of the
blocking effcct of tihe lower order. 'llc interferente situation will he very
dynamic. As the number of channels being used for transissubllion increases. t



the ehiaiie of IM interference of order 47 or less will increase at a very high
exponlential rate for the remaining channels being used to receive. Another
source of variablility is ship vibration. Thi's will vary the condition of each
Julet ion-type nonlinearity. causing wide variatit on of' IM product amplitudes
and intfermiittent broadband noise bursts, which canl occur with only one trans-
mitler operating.

til a more academic sense, these data are something of a technical mile-
stone: thle measurement of'the 47thi-order interniodulationl product is the
highest order identified in a shipboard test to dale. An interestinog relationship
is thai the 47th-order level was of' the samei order of' magnit ude as the level of'
diei 2211d. Thiiis mlay imply that alter a certain order nunmber is exceeded
say order () choosing alf [Isomewhat hiigher order may niot necessarily prod uce
.isignificantly lower level when a Iruly eli ien atural tionlinculrily is operatingt.

4.6 CONCLUSIONS AND) RICOMMIENlATlONS

:1. Ilig uflILvehs 't inwerillodulalion geni'al iHll wit fuin 1iL. ifui1 1ii
I1i11tii'L, S% stew w,.cr l'onid to inask I p~side-geuieraied kvels. I lierecinx, .iný
ef~fort to reIUCe nfi at 1,alt shoul1d first be expended onl the tralnsm littlag systems
rather than oti topside areas.

b. TIwo types of' interference gonerators were found in the trun snili-
ti ag systems. The most imiportant type is iionl itiarjncf tolls toninled ill
aIttachling Coa xial Con nectors to RG-33 I eiibic. mbis type causes (I ) very llid itt
levels of low-order i ]IIermlod Ufat ion prodlucts: (2) surprisingly hligh 11\1 orders or'
miuchl lower. but still sign ificanat, anipli Iitloe. and( (3) jtiin eriltten t hursts 6T
broadband noise. Tfhe seconid type of' generator is the ferroiiignetic center
pills of coilileeors usedl inl (lie PH-ASOR (10 power divider aNSsenihlV. This
type is lesimpfortant because IM4 levels are mulch lower and noise burs;ts are
not generated hy this miechanism. ft is recomnmended that ho th types of gleiira-
tors be eliminated f'rom tile systemis, with first priority being given to thle
RG-33 I cable conneetors.
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SECTION 5

LABORATORY TFST.S OF UHF TOPSIDE IMt INTERFERENCE
FROM BLUE RIDGE CONNECOIORS

SA BACKGROUJND

Sectio 4 gave result s of uhfI measurements aboard 1I.U1,1311 RIDG
whicth Istolatetd MMIIITCN of 11111l niternotlulat inn itierferetice in lthe shipls hi-f
transmititing systetils. Tite soulrcs were delermilned It) lie ri contiectors oi)
RI;-331 4 Pildehol) coaxial cubic and file ItIJIpower divider lin I1 IASORt 90

t ohtiill ica io 5 stths. iIIn tis sect itli, the irst 115% oit lalit ra: nir tests tIladle
-it NI- C of' these, wtw Ips'is of interference sources are given. toget her witll;

retoInnIIInlit, 1i Int'l lintis for corrvcinlg thliii' tIticiilt ics.

, IG-33i IINISS oietraeistiie'nntts

RG -331 l At coaxial cablles CPodt aao ime 4-0.Siifuililfl
131.1 if-R 10)(31 inl.,taffltlalo. Most connlietors are Prodlefin catalog iitw
Th.SNtOt uSpiroloL) hil In aliw are l'hedlis-lodge catalog numiber FA 1 2-501
NI Itiaperlok i. The Phielps-lDotle connectors were fountd Iit) be Imi~st' ot
finlger-I iv i either biecause of, jincoin pat ibiiti i N witl iiIhelrodelin ve~rsion of
R(;-3,1 I/i cable or incorrect instailat ton Thle trlintoerfrncem tests wecre
madle onl 1 We-e short lithso rdln\ICC -33 l/lt1 terminiated w~thlith!
Spirotok cotiliecOtrSU atld ech en

Otne paiir of connectors was italdcorigto tile Prodetti' inlsrtic-
(ios. Thit seconld connlector pair was givein niodified treatment of I le coaxial
cable inlner eOndnlictoi No lnort' conductor could bie inserted in) thle niat pinl
sleeve; also. a siimllfe tool was made to remove thle pinl 1mmil tile rest ofit thle :oit-
nector I without destro% log fill stablility ill thle complfetedl connlector). [h'Ie
toot tiseit anld procedhires f-or it% use, are described ill t'i&sLtt- 5 1 Ai tonne1Ctorl-
potmaisi not' sas alie-n obsraitue duoring, the p oessofininuig coa);x cablel andi
colmic ins. I lie l~ii'd connector set WaN treatedl with hite samew olod(ictsclion d
as% itic sect md set busIta retnhi '1A, iiiIL so1dri ip'u leiiter anld 'oil\ infnes
coliduticor enlsured at good electrical coisictijon. t Attesnput at usinge roosm
tcmpnýper tire Leobiondl 57C solder wt're terx, disapplointingi)

Tests oif rti tcncraition onl til l'first set conflirmed Ilit' sitnaltl i `n1found
inl the uhf systleml atboard 11A [1.1" R)61K The rt~i signial level tdropped tdrastic-
sally with thle mnotlilietl treati went oft he malt. pin inl thle secondt set. 'The
howest niterte,,rence jevel oif All three tests c-ame with lthe sof't-solderetl malt'
pin5 i'tý tie Ituird 'T. heic nmeasiii'neii I remult's are sumulliari,'ed inl table 5. 1

linth slthe Prodelinl ant I'Phetps-lDodge chaitis for simple. fist cotinector
il'.,talla lionl without sptecial tools are correct, but they ignmore lite fact that
hit'; price f*or speed antI susitlicity is tilte intrcased trobability' tltesL connectors
will cause svstcin-generalcdl rfi front intentnodulattion sources built into tile
counoclors. C'onmparison of thle male pin sleeves inl lte two types of' connectors
show, that t'rodelins design is superior to Il'helpi-Dodge. The latter is vulnerable
to splaving of thle sleeve byv thle coax conductor during installation, resulting
it, a very poor piitt-to-coaix-innier-coniductor contact.
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~~-..0.111 D-4~ lGIA 0.070 DIA

ALUMINUM CHAMFER
POLYETHYLENE MI LD STE EL

A. B
NOTE: ALL DIMENSIONS IN INCHES (NOT TO SCALE)

I . Plre pauc RG-33 1 cablea Mcio h wn In A. (Cel'iler conductois 1/gkill lon iger thani I'rodc tin

2. PIice Prodelin coinvit' ii caii dog tinumber 76.59f](K4) iim flat surfIace withI maleI vemeir pill
pomining till,.

.3. Slip driver tool It. ovet mciler pill. Totp with hittammer . dr ivinig out centeir pill.

4. Ptdact conneciof haetim ant td pippinig sleeve (wet miler coible oll)Iiiiiorl

5. j:Irfll hotlonil oe.tcet 11 bick of clomneclol center pin ''it u~h~vketr m tel dt- c oitd

CAU*vldI i pIO; Ilsenum hicai mid nmmittnn sildi loti good j.oitit

f.li;out. r coin icciot sholl iveyr (;ahle end, ohxetvitg pr oper Cc ente pin filI. TIigh ten tssembi,th%
USIL WRit NCI llS.

NOTEi: O)their cabhle wnd conne1Ctor sites tMe 0,:peCted Wt require differellt
di meiisioris. Adjutst tosuiii

Figilre 5.1 . Toot alod procedures I'M :uodtficiiion of ilrodeiin connectot mtattitiIoir.

TARI.I 5.1 . SUM MARY' 01: L AIIOHAT( IY I*[ 'STS OF2 RG-33 I [UJ
(()NNIC1ORS ANI) P1` ASOR 90 VOWI bR 11,IVIDERiI
AS SOUIMt (S oF SYSiI.M-&1 I-N [RATl]) R[IT

Pl-pmiwet somie,. 11il) intl 143,1111 H I timi~viilttsi.

IM) ic-i A-~iti~22-I I 2h''I 1i.

IN) Le vel, ditli

_ILsI seI iil lesiduaiIt M level -1 10i
(Chock out wit It milgiŽ I ( 31)1-t)(,

IIlimoiltjiCL PI IASOR 90l powe: iiividet -4
('lle-ii eplincet with i(;S! UG311\ -47

UI(30 .3JI's% with ltcI!ockwmivdioi sIVItnOVt'I -10t7
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S.3 POWER DIVIDER TESTS
illic oilier soure of uhifsystem rfi reported was the PfIASOR 90 rour-

way power divider. It was also investigated tinder lthe suame controlled test
conditions applied it) thilt RG-3311I/U connect~ors. As pointed out In section 4.
this power divider is constructed willh rive slighty modiried 130.301)/U, double
remale, type-N panel connlectors. nhis type of hermeiklally seated connector,
along with oilher hermetic connectors for other coax cable sizes, lias a long
history of being a consistent source of system-jtenerated intermodulat ion
intererencee duic to thle nonllinearity of* thle IF'rromabloteti pin which ruits
through the. glass seat. Thel Navy supply system could not provide 13(1-30/U
Connectors (note tile ablsence of any letter following lthe number 30) which
,ire known to fie linear because they are not hermetically sealed, Forltunatlcy,
they were :ivailblehi from ~i local commercial distributtor. 'The, original, niodi-
JId lit-JIl)JIU\ were replaced carefutly wit h sinlitain h itiodifiiellU d/J.

RH test% hictOre a~nd aflter replaCCHIL-cn proved that illterrt,(tL ad ltoll

%i h ' ltc r ci. tbniti et c necw, s l .ccitjb hil-()nl wch o leCa'iialpwr et I1 ew iwtor'% dropped l ~ttY.' ot 1lie original levol.

steel loel-vasliers were removed fro i the new conniectors did the rfi drop to
ucatr thle test set up residual levei;l tese- washers were lthe samec onesn used witl)
the original I ()G-30il)10 connectors. Theremfore, although lthe tJ(;.-301)/(J was
proved onice. alain ito lie .1 pl~ent source of system) generated rfi, the tuitexpete~d
"tockwastier effect" is an excelleat example of an obscutre rri source. The
approximate initerference power level relationshipi ot the two sources is that tilt'
UG-301)/U's Contribution is four litime,. greater thain thatt from the lockwashiers.
Both levels are very significant. Agriin. measured levels are stimnmnized in
titble 5. 1.

plans were made ito solfve thle 1111ASOR 90 power divider problem
wit ho~tnt odification by permanent ly nagilet i~ng thet ferroinagneticic pin in
eatch of the five UtG-3f1D/tl contieto'rs. Tisi approach is based onl previou's
e.xperimfienlts Where appillIica tion of a strong magnetic field to thle pinl complletely
removed thle nlonlinear cratri i indthus the ~imirce of intermodttlation.
TIe ic st to n aLne tic Wasi- madec the ferlrolinagneli tecon d c ton li ica r .i tong if-
fihe field was;I presentt ( 'init in ed a pphicatiol. of m sl*th fie IlI buiilt tip tll;i eniii ad

live cetlhct where thec residiol tuagiet silm retained in) lthe Pinl lowveredap'tl.it
thre level of* IM signalh gcnei-iied with thle magnectic field removed. It was; hoped
Ohat the pits could bie inapnctiiud enouigh to remove thle notilinlearinyitveria.
nentlly. The technlique is feasibile, butt it was im11pos'sible Within thle avitititbie
timec frame to devisei a source of strong magnetism tailored ito thle needs of'
lthe UG-30Dt/tJ connectors. Obviously, thle ferromtagnetic pil nimus fie parallel
to thfe inagilt it: lines oII force; tilt! distaiiice btetwet'ii pole t'aces, oft it mamtnetron
magnet was tilo narriI w ito atconuiodate the length of* the connlector. tHowever.
suchl a simple tatent solution to life power divider p~robilem Justifies additional
considerationl of' thle perniantient magnet11cic pill concept.
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5.4 SUMMARY AND) K COMMIENIATIONS
Ili st~immry, it was~ lound I 1hat hiterl'erence generuhcd ill the Prodeliin

conInectors aind tile power dividers could he very sulbstantiilly reduedl T'he
rollowing recommuiwinht ions result:

Do 1101 (Ise Ilbl epI lU-Ddge- vabufug numbi er I-X 1 2-50) NM (TIaperlok)
conniectors with RG-3.1 oa xial cable (lProdelncalai nut~o fumber 54-500,
Spirol~ouiii).

1). Insizifi Prodefil Ca talog numbl~er 70-580(0) conc netor. on R( .33 Ivahlek inl itcorda flue with Itke m111il'ied proevc~lnres given Iin 1igi re S. 1.
C. lkcinove ( 3)/Jconnect ors and in tcrnil steel lockwasihcrs

Iiiomli VlASWl 9() PlOWLT diViLICIN. Si hsliful t U(;.30/U) contlcci rs: dto nol
use IM;.3( scrics modelts A i hmu Ioil 1.. i( K;-30f s tuC not aIvailable Ironi N~ivy
stock. bu~t O.;ii Ilk 1)11iHITINeId C01tiimni'rCiaty,
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SECTION 6

IWO JIMA TOPSIDE IM! INTERFERENCE SURVEY

6.1 BACKGROUND AND OBJECTIVE-S

Studies ofI topside interniodulat jun interferencea hoard 1155 IWO) JIA
have beeit previouisly perforaited hy Nhi*I,( 'A IbhIS CXputieitce sitowed clearly
thut1 LisQveci topiside IM uinterieuretice proleito c-xislL(laboard lthe shliýt (konse-
fluently, lthe formal task assIgnment under which lthe work reported here was
performied called tbr locatinjg thle prirneutnmtsotrces of interference and provid-
ing design guidance for their relittovat. -1hiS gul(,1C khance d wo lde exten~ded to

;itships31 fitle I PIt Class. More specif'ically, thle project order (1P.0. 1-1029)
specitied linr tas~k% in) hie perf'ormed retatl c to lthe IWO JIMAU:

at. MaktU nicasrireicm:it s ad dot-ee inc If f. vhf anrd uhf IM iec ves.

it I Dete lein me thie co it 1-11h1t loll(0 oft IeII aIntem" iiasuecI a ntitn

decsuipI th i n) 0 e1k erne pa tb in reporied h y lW(J 1 1MA by mkngi 1 d eagnot ic
changes and tests Of tpieaenandrigging.

e, D~etermiine irfithe interference problem i& ,a general class problent.

d. Provide design guidaince to reel ity ltie interference conditions.
The overaill topsile IMt interference utenraition chaeracteristic of* lthe IWO) JIMA
was noto to herimeared.Reutofuhiiesriinsaesettolyo
thle extent that rigorous docueiineitat ionul (tlite severity of, topside-genlerated
int~ferh.'rene is needed.

6&2 APPROACH
Tlbarrive at lite go~it of* reducing topsýidle interference, it wais itecessary

to make in lerniodUtat on ncastilt mnenlts inl tile l# inenjvIcy bands specified in)
the task assig-oment. These ineasreenents were directed at either seciilonal itii'g
areas of the Shipl or. evaluating specific potential lopside: interfe, rence eon tribu-
turs f pirobling). The results% tOrii the basis, fur thle design guRI1idICancneded.

- teterminat ion of n bee bei iintorfcrene problems sitiitur to those
aboard IWO JiMA eoulid be espeeted aboard ships ot * tiei sate class did not
require- repetition of lthe eneasureotent programi aboard ain adi oahip.
Sufficient data were obtained aboard 1155 TRIPOLI. 4 1.P1I I0) I efore thle
recent inodeuiiatiflOleconuiationso e soilt to eoiitiritt .linffaritv ot*
interference eond it inns.

Ini adldititAn to ltue quanlt itat ive testing. (ltter broadband tranismittling
aitlettitsaboartt tWO JIMA were visually inspected. The results of' these
inspect jolxts LTalso reported.

4Nvavl F.lectrontics talhorainv ('enter NIJItltWNTiAt. tenet Soi~u t 2100t-02162 jt

NLCCONFIDENIAL tAt. e F etiet oo 21(9)4)44 ito NA VSI tPS andt NAYS11C. subject:
F/errSoppcwrt Thbsk, lAWVý 7RIPO0LI f/PU1 /0) 1ff Lhbnynnj~jwfka~hn, 7 April 1970)
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6.3 TEST SITE CONDITIONS
The ambient conditions which had the most effect (in the interference

survey were (a) the ship's m)(ooring, (h) ambient electromignetie tioise, and
(0) the weallher,

The ship w11% mloored on fihe north side. oft pier 8. U.S. Naval Station,
San D~iego, in thle berth farthest fromi shore. Across lthe pier, to starboard, a
destroyer-tyie vessel was moored. Since tile distance between thle ships was
Only abouitt I 00 feet, soon' conta mination of overall received levels (tie to thle
presence ot the other ship was probable. Oin lte other hand, clearance to port
was good, there being more tihan 100 yardIs ofliopn water.

Ambient elect romagniet ic noise generated by ind ustriat actilvi ty in tlie
Naval Station had to3 he avoided. Trhe intent was to use ltheweakest signals'
possi ~e: high inidustrial in 'ie wouild degrade reicepiion of weak signals. Past
ex porh lie inl iak inc measurements ill this locutlit y had shownl sharp daily
rcduct ions in anihient noise beginninig i ablout 1000 hours local ltime and
eXtendin~g thr-Ough tile weeken1ds. lop,,ide lvusts were. Ilherer'Ore. umade during

Wet %weather.I h~i-c t oeblserved I,, tuinjirarily iI-11ti IpleLerad
interniodulat ion levels oin many occasions. Apparently, the residue ot' sea
salt being dissolved in lthe rainwater in many topside junctions serves to efrec-
tively reduLce nonlinear act ion. D~uring lthe first two days uf the IWO J IM A
tests, there was at series oflieavy rain showers which kept the ship wet. Thius,
the interference obscrved during this period was dute to thie most easily excited
nonilinearit les thfat were also least affected by thle wet weather. Consequently,
inl terterenlce generatIion by ter-romagnet ic materials ini high current port ions
of transmitting systems wouild teid to become the dominant factor. Later in
the test period, lite shipl dried out a nd I M signals became higher ill amlp1 it tde
andl prodluced thle nmore typical "hashy" receive audio output.

6.4 SECTIONALIZING TESTS

o.4.1 MI NASL)Rl-'Ml-'N lI' Th('IINIQUI.
Thie technique usedt inl tilhe sect ional iz ing tests aboard IWO J IMA was

derived [roin a method proposed inl ref'erence I . That papler dealt with
several aspects oh high-order intermodutla lion int tererence which had beeni
shown (inl reference 4) to exist a board IWO JIMA, The method proposed inl
reference I is tor determining lthe most significant topsidle I M iniiterferenlce
contributors a board a ship. It is based onl the Fact that, whenl tile power of'
tile tra nsmlitter fundlamen tal frequencies appliedl to a nonlinear circuit element
is changed by a given amount, thle am1pliftude Of the high-order products is
cliu nged by a grea ter amount than the amplitude ot lthe tow-order products..
The proposed test method Cont emplatIes exciting thle topside surfaces ot'a
ship witl Ii wo transmissions ot' just enough power to make a hligh-order IM
produIct barely detectable on thle ship's receiving antennas. With this situation
esta blished, previously developed topside nonilinecarity location techniques
wouldI be ulsed to finld a source of interference energy topside. Temporarily
interrupting thie action of the located nlonlinearity. thtereby reducing thle level
of interference at the receiving antenna to a point below the level of detecta-
bility, would confirm the located nonlinearity us the "'worst" source.
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Successive applications of the teehnqoue, using higher and higher transmitter
powers, would establish an ordered list of topside sources. It should be noted
that this technique tends to minimize the contamination of results due to the
mooring problems discussed ill section 6.3.

6.4.2 INS'rRUMENI ATION/PROCEIURJIS AND RESUTUIS

Practical application of' the proposed techuleklU imposed some modi-
fieat 101s. For example, the choice of transmitting antenna location was of
imporal ce since this factor would inlluetce fuadamenhtal frequency current
distrilbuitio over thle topside surfaces. 'llicrefore. two widely different trans-
mitting antenna combinations were wlecled. One combination consisted ot'
the deck edge whips. illantenllnas 3&) and 4-2 in figure 0.1 .ITc other combiina-
lion consisted of radialing the siame two signals from antenna 2-5 mounted
altoll fi island supea'strueltiure. Antennia 2-5 is t lie one referred to in par( h
of liei iatsk assignment (sect iotn0 1 .t. Since it wai, desired 1that the oily chanige
bltlm ceii the lwo cases would te lite challge ill ailtennal geoictry, the trilms-
milling equipments were arranged aos shown in figures 6,2 and 6.3. Using,
these two tran•s•iftling systemi arrangements, in turn. interlnodulalitn products
were received using the ship's 2-30Mll receiving antennas and the equipment
shown in figure 6.4. The transmsilling antenna arrangement which yielded the
highest order o' IMI product with suff'icient amplitude to be detected wa.s con-
sidered to be the most important ill the overall interference situation.

Ihis arratngement urned out to he that of the island antenna. Antenna
2-5 wa•s, th•eref'ore, the. anl•tena use¢d dtaring the protbing tests of* specific polten-

tial lopside contribtutors. Oliher sectlionaizing tests were also conducted to
divide the interference problem by frequency band and receiving location.
The sequence of Ihese test.s is described next.

TEST A ")I)CK EDGE;li 'RANSMIf-[ING ANTINNA TESTS. As
indicated in figure 6.2. NlI.(* antennat matchingi networks were necessary to
assure that the deck edge firtsmanilting systemr was not radialing intieIr)odub-
tion trequeileic aal t ficictntly high levels it) degrade accurate measuremlnt
of lopside-generatled interference. The NFL(' networks have no slidngi or
rolling conacts,;and are fa bricated of notnferromagnelic materials. Unfor-
tunately. the two SRA-22 units are not so flabricated.' This type of standard
Navy whip antenna tulner has been shown to be a strong generator t'f inter-
t'crnce in closed-systelm laboratory tests.6 On the ot•ler hand. the NELC
networks are like the SRA-22 in thalt neither type supplies sufficient filtering
to assure that interaction between the two transmitters would not occur.
this interaction could suilpply sufficient IM interfretnce energy to reduce
accuracy in measuring tltsid¢e levels. l'hus. the additioaal filtering shown ill
figture 6.2 was necessary.

0 llT ltcs-ireh lusto ui ic. Contiaci NW. N00123-6t-C-0584. Sitdi' ofsNmltntear Properties
,if Mhe AAISRA-22 Antenna (bup•klr. Final Report.
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ANT 4.2 ANT 340"

A• A A

NELC ANTENNA
NELC ANTENNA SRA-2 SRA-22 MATCH NETWORK

MATCH NETWORK

A B B A

TOTAL DECOUPLING I TOTAL DECOUPLING
APPROX 20dB WITH

CONNECTIONS a NELC TRAP NE LC TRAP CO
FILTER 6237ktiz FILTER 88O6kHr:

NELC LOW-PASS INE-C LOW-PASSj
FILTER 9.3MHZj FILTER BhB6MHI

URC-32 4-2 100W 100W URC.32 3-5
8805kHz OUTPUT OUTPUT 6237kHz

Figure 6.2. IWO JIMA tfi test transmitters radiating from deck edge whips.
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ANT 2-5

1100W OUTPUT

FILER S06H~ ULTICOUPLER FILTE 9.3N

100W OUTPUT

SI NA :NNERATOR

FIELD INTENSIT AT LTENU TR 2302j3 RCEHgN

CONTRL-MOITORCO UNTEO.INR SINL GENEA R ADUMM

DC~~~~~~~K R(YLN OLP D E LN O
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Advantage was taken of wet weather suppressing topside intermodula-
tion. Measurements made under these conditions are much more indicative
of IM generation in transmitting systems. A set of IM inturference data was
obtained with Lonnections "A" of figure 6.2. Then. the connection.s "B'"
were made, both SRA-22's were adjusted in accordance with standard proce-
dure. and a second set of data was recorded, Since these were the only
changes, the differences can bc attributed to us! of the SRA-22's. The results
are stiummarized In table 60.1

"TAH BI 6.1. IWO J IMA R!:iIiVEI) fII TOPSIDE IM LEVELS WHEN RAI)IATING FROM
DFICK ED(;E WIIPS (O(TOBER 1971 L

1 I4O NSMIT1 IN( SYSTI'M

1:1 t,2.237kilat fouW antenna 349
F2 -- 88f5k1h at flOW antema 4-2
RECEIIVED;I I.IVEI.S

IM Level
StM IM lauvel (Average por Antenna). dlI/pV (Overall Average). 3

IM IM [Frecucticy, Ani 1-2 Aint 1.3 Ant 1-4 Antl 1-5 Ant 1-6 BV
O)rder Function kltfv A Dt A 11 A B A 1R A 83 A B Notes

3 21`1.F2 3669 45 50 3.9 38 41) 51 40 45 40 44 4447
5 3F-Z.F1 13941 32 28 22 25 22 29 M t i135 2327
7 412-,FI 1s(y) (4) Q (-4) 8 7 8 (7117 10 1
9 7FM.ŽF2 2604 (-13)(-41) (4-0) -7 14 (-15)f(-I(,) -- -J 2

13 7FZ-f,F2 .4 24213 (-It)) (-A) (-0 (14) (-15) (-5) -3 2
14 4F2-8F1 2934 (W) 1I
U-vet, A: NlLt ;.itna naiching ,id'wnrk. used (ref. flg. 6.2).
Iivek Ii: SRA-22 an•cna luncers twd rel., fig. 6-.2).
Note 1: Leels in parenthowse are ambicat ORM; IM not detected.
Note 2; Levels in parentitses are ainhiei trirw: IM not detected.

TIEST 8 ISLAND TRANSMITTING ANTENNA TESTS. To avoid
the possibility of weather conditions changing and thereby affecting the corn-
parison of data taken with the two different transmitting antenna arrangements,
data were recorded u:fing the island antenna as soon as possible after completing
tihe deck edge tests. However. it was not practical to substitute an antenna
matching network known to be free of nonlinear imaterials and construction,
as indicated in figture 6.3. Thus. the data obtained using antenna 2-5. which
are summarized in table 6.2. nmust be considered to include intermodulation
energy contribottions by the matching network.
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TABI3Fi .21. IWO JIMA RKE~IVFI) HF TOI'SIIW IM LEVEiLS
WIIFN RADIATING FROM ISI AND) ANTEiNNA

'rRANSMITTIG sysTEvM
1:1 =o237k1k -1m4V8905k II: 100W ew eac h input it) cable leading In antennla 2.5
Witli filhclinga ill figure 6.3.

IM IM IM -(Averuige per AtI elu tll. h/mV I M L~eve
IM jlueflnit Fletiucrwy, Anti Aliti Ailt AuilJAW (OverallI Avelage).

Ot~u M!+F it 1.2 1..; 1.4 1.5 1 Ip

131 'I2FI 24213 0 aI -2" 10
*17* 81P2.9F11 14307 37 12 27 24 27 27

0) 131--IF-I * 2 S2M251 1014,
I )***l 1 F2.0W I 319J17 .C9 -8 12 -11 -2 -7

4:-vlarc noit dte solely Io IM product . M~itliiitimi olitree traw-mill lrs ilnivolvd

Au lenitr 1-4 haud TTY stimind all lullCr-S hadI dislinrled eumniii'.rcial broaidcast .imdio.
L* evelI givenl is a un1hicilt il ii se .IInvc NIeidbharuinI IO ltgl
memc reading did lnot ittercose whenl transmit l'rs were keyed.

"" Recelitionl at t his Ireqitency req 11:1cc uSll. N i C 0-7 OM IIz hanldpass l'i 1cr inl
lieut u Fi'i I ering shiuwn inl flgurc 6.4. IMN rose a pproxima tely 5d 13ahnvc a iiiew m nilse
whenl transmuitters were keyed.

Nwct: All levels recnirdcd were very steady. I keavy rain snliowrs occulrred dulrinig test.

IliSIS C ANI) 1) VI IF 1I5'IS. Two Nialaiold t 115Wee lusmd Io produe~
nIICalSI-l~hlC i~ltrl n11diliul ion inlaereXtnce i( lt eh. F~irsl, inlicrlc'ennce' was
tok'l-Ved using the r-Ccciv'ing sy'slen1 showit ill Iigure (1.5 Wh ile tnaruIisuiiinlg at
hIl h*1orn antenna11 2-5 ats bernire. TIhe resulting data are given inl table 6.3.
Second. two Vill' tranlsimitters were used, -,i, shown inl table 0.4 alonig Wili Ih I e
re'sutintjg (ulm.

FIF NELC 3O-66MHz RF 0 - ANT 5-6

AF ANT 5-8

SIGNAL
RP-5542L COUNTER F GENERATOR

CLEMENS

Fpiure 6.5. IWO JIMA vhf rfi test receeiving equipimenlt.



TABULI ti 3. IWO JIMA RECOEI hf VHF TOIPSID)E IMI LEVELS
WHEN RADI~nrNG AT HF FROM ISLAND ANTE.NNA
toCVOUFRP 1471).

I'RANSMITTING SYSTEM

FIr62317kII,: Fi=x[)51-k1Ik. JINHY Lw each, radiated lfromi nantena 2-5 with filtering
as ill 11ggre 60.3

REiCEIVED LE1VELS

SM Level
Ixt SM (Aveiagceper Antcmna4 dlI1]pV SM Level

MIm ftnlictin I'tcluecviy Aw I Ant( Ant An Ant (Qverull Average),
Order ki -I -N 12 ki1/ 5.4 J5-5 5.6 5-7 5.8t dlIpUV

OF I~ Of1 44025 t1 39 32 3013) 37
6 311 -! 31:2 4i 12k. 1 22 -21 14 17
i 4t. d2 -K 7 1 t) 13 ¾2t, 31 1 27
7 -21`1+51-2 3! 551 311 34 1() 3 24 2.5, X)
9 si-1 +()1'- 49896 15 18 31) 15 14 I

lt) 915 ' 1 12 47.328 7 11 16 7 I0 Ii0
13 111:1.21:2 5(107 0 101 14 t 7
15 12 FI-31Q 04241) o (1 115 10 s,
18 145:1.41:2 52NOR 5 71 161 14 IC

TARtE.- 6.. IWO JIMA RI1-L:IVll) V1IW TOPSDI I) S HA!- 1.
W1hEN ThNS.MUTINtU AT VlF (OCTOBUiI 19)71

TRANSM11iIN6 SYS] IA-I

TRANISMITTER 5-5I F3: 33175MHz { -B-(T.1/U~

l.O1W APPROXr TOAT5(A92UC

[ Pt: lO7.76MHr TO ANT 5-3 (AT0912/URCI

Sa: j0 PP



A* t

TABLE 6.4 (Contilnuedi)

RECEIVLI) LEVELS

IM Level

IM! IM (Averag pot An tennia), dB4NV IM Level
IM Function Frecquuilcy, -Ant An t Allt Ant (Overall Average),

Order MF3+N1Z4 Mil z 5-4 5-6 5-7 58dl1pV

3 VF3+4 29.7 5 41 40 20 11 28*
.3 *F3+2F4 41.75 24 44 22 .15 31
5 3F3.2F4 25.75 1) 11 12 I'5 14
S -2F3+3F4 45.75 5 14 19) 20 17
7 *3F3+4F4 49.75 3 14 31 Q 7

391 21 F3.191:4 20.25 ** ** ** ** I

*Whliil receiviirg al I his l~requoimcy. keying It disitltlet 5-3 onily cause5~d Clear leceptIon1 ol*
mck' musircm at ai veiage. level 01 lot dfllhI. Keyring irammrtsiicr 5-S only catised clcear

receptiloll of a sNa p comnmercialI at air average level of' 10d14/MV. Keying hoth Iioge t hot
gave average ew levels lindicated, except mi antemint 5-8, where a garbled mlixturc of tire
Iwo so~und(s could be heard. Audio level was much weaker with hotht Irarisuilt ers keyed
while receiving ott anltennta 5-8; riot audible ont other an lennas. -

* *1M was detect abe lin earphon as, h ait too weak to mneasure withI moel r.
NOTE: Receiving syslcin :is in rigltte 6.5.

TESTS E AND F - UHIF TESTS. Two situations were used to mecasure
intcrmodulation interferenice at uhf also. First, two uhlf transmitters and a sen-
sit ive receiving system were mult icoupied to the samle load(s). as shown it, rigUre 6.6.
The measuremenit results are givci hin table 6.5. The seconid situation Combined
one uhif t ratisnit ter with an hf 'tranismilteir. The uthf transmitter wits at 256M~lz
(11:). 85 watts. The lif transmittecr wats at 8805ki-17 (F2). 400 wart ts w ratdiatinig
from antennam 2-5. anrd ConnectedI as shownI ini figutre 6.3. TIhe receiver was the
samec as shown in figurre 6.6. T hese IM interferenice meiasuremient restills are
given in table 0.6.

TA BLE1 6.5. IWO JIMA TOPSIDE: IM LEVELS WhEN TRNSMITTrING ANI) RE( EIVING AT UI1F ON TI-F
SAME1 ANTEN NA (OCTOBER 197 1.

I m IMI IM Level
IM Funcotion Frequency. (Average). dh1/hV D~unmmy

Order MFS+NF6 mliz Ant 6-1 Attt 6-6

3 2F6.F5 20 ~ 71 -30

5 3F63-2F5 282 45
7 4F6-3F5 29 5 42t) 51`-4FS 308 23

I I oF6-.SF5 321 21
1 3 71`061`5 334 20 4.*

* Read nrg laken is s amrpke comparison. Lick 'I timre did not perint~i furtrher measuremetwi s.

NOTIE: Lquipment connected as in figure 6.0.



TABLUi ,() IWO JIMA RCIdliVElI) UHF TOPSIDW IM LEVELS
WIHEN TRANSMITTING AT HPI AND UHIF
(OC"UOI.WR 19t7 I)

TRANSMITTING SYSTEM
IQ. 8.88O5kitz, 400)W uw, whItl filierhi, hitsI fi,,rc b.1, hidiated rromantoinaIW 24.5
PI'(: .IS6MI-I, 5 ew, 'w radIiated fto'nl 11tenro 6-1as~ in figure b.6.)
113IVCE33d) LI-MUtS

3M 3M
3M FullethIn Freqnuelcy, 3M L~evel'*

Ordet M1ŽfNPN,'6 mII:ý dhl'pV

I ligher order s

**Avc~iW evel ini ki cnitionc

***jA3It sha;king uni 2-5, this uveirIge level oh~taiIu

SA-M -7 NENA ANTENAFS:243pift 6

0 3 LINEAR
CAL (XIAMMY LOADIIM FREQUENCY 44oiR-2

ATTENUATOR PAEAMPLIFIER AMPLIFIERMICROLAB AT-60] SMYTH TRANSLAB

IANALYZERI~

Figure, 6.6. IWO JIMA uhf IMt interfetence mneasurem~ent system.



6.4.3 D)ISCUSSIO)N

TEISTA *IRANSM iTiiNG WITIH l)I-CK I)GiANTENNAS. As
shown inl lable 6.1. thec highest ordIer inlerilo(Inlution i Pit udu delectable when
using (tic NE L( ma (ciing networks (conlnec jtios "A") waso(rIe r 5, When thev
SRA-22 was used, (lit highest delmlh'en t ordeir mas 1). [hus, t he ordecr mnd
amplitudes ofiii tl'sL'valil orde~rs were both hinreased. ( lea:ly. the SRA-22
deleteriously alk~eded I lie overall (IM inilviferonce levels. The shipboard chieck
ol'the SRA 22 was promp~lted hy c.losvd-SYStCtn1 testis of* (his type Whtip antennali
Coupler. ill Ilie laboratory. Spot cheeeks ill* thle IN-342 and I IRA- !X equipmentsI inldiCRle that tlmcs otlier types would yield roughly Simlilar cettects vWhlieii tested
.ibomrd ship inl a like mann11er. Thuis, eliminatlion of' IM hinoterferece gener,iti'in
inl shipbloard whVlt :1iiiti.'iii~ t imers is not lieyI iea timplk inatitti ul' iisl~i-
I liii mu nite Coupler type 1,1i anlother..

I L:S I B IlHANSMI I I ING, WITH ISIANI) NN I I-.NA. Comlparing
(lhe Iresult s ot' fable 0.2 witIh I hosC of' , life 0.1 , ilis seln (Ill! t, when tHIle Matne
internmd u Iation iprod ucts wereC 1iii ca so ed. 0ve Iiiighe~l 10TIN Wels weeOhlila nd
thans when the, SlRA-22 wvas usud with fihe deck edge antennas. Also. the island
antiennla yielded detectable levels.) ithle I 00I ruder. a% opposed it) a 1ia~xilltnum
of' ninth order Iom the delck edge antennas with tltt' SRA-22. Therefore. the
island anltenna1. (2-5) is (lie most important inl the over:'tl top)sid-interfrciVsce
Sit LIM ion aboarild IWO J IM A.

im.IMlwver pi t hit erve is m .lore itil olilaioi till rwthua. tsgi i us n t hd e torm egoi~rng

(rallsilitters ere itw.alliintel-0ieateiol a h(Iich iis the t iiwo l(IWImithL' Itnd-I

moeinoiatoflrtaluchtil b etween tilc threee eiiw~ n csiimil ithin thestuteastiremtAtdiscinct

sindwidth.! shiould apexpainr t h i and dSlI)'1 :%teIth.ielIW high nMIeCIsCurd levl a

this* frequency. othnteoler Son a Wnd 11011e W lextanou 14r1111 111'IW WJN USL-11. TI I C
being rdiaed fro alg poiin"1t- 10Ome :1d !isnc ie llh\1-lV ship.O Xtlene IC( t Witd
strlenIth at(li e*V 1hi sould 1he quthe Osmal ascoaed llnl isliel ilownsi testrllol
trnsittc;Ier elnissiuhi. iLr'owc fiedtrntmlies thi-rd ata the non lineIrarc llemets

topsidie repos (rlie ecived ITMO leve weghres closly asom'i ed l withe an1

54 (~~~ticength at tile snill wo(auld idIes wit d e s ral asi ittomnpare it) [tel )tu 2.5 a iad t es



TEST C RECEIVING VHIF IM WITH HF TRANSMISSIONS. At a
first glance at tiblu 6.3. it would appeur that only the 18th order was detected
rather than the I 9th order (table •.2) when receiving at lhf I, owever, the vhf
antennas used to receive the interference a;re very closely spacid around the
transmnitting ainlenna (2-5) a ; lie 07 level oin Ihle island, while the ht' receiving
allntenna are mounilte'd around the edge of the flight deck. forward. Therefore,
thIe vhf 1`lantennais are in Iutlch stronger transmi Ic I r funda itllentil frequtiency field,;
which would tenld to indicate Ilihit even higher orders than tihe 191h should lie
delectable. Also, there are SOmiei petVCiliiiarits ill iC Ie i ttsurcd 'implitudes.
('Consider It ilamplitudes obt•i•eid when measuring progressively higher inter-
modulation ordes, I.cvcls fIro•t the I Olth through tile I •11 are essentially con-
slant •i his should not bie so. Levels slmild decrease is • ei orlder inLrcaes.

The lwregoing aniomliesa can lie explained by cireftly considering tleh
trequettcy clia racteristlics of I(le imttermiodublition spectrum generated between
dhe two particular 'in nsmlillcr fiiiitldainfal frequencies in use d•lurinig Ithese te'st
and the select ivil"v oIhe fili RM-47 ficls! i•itenily iclter which was u•edl to
receiveo colli•lp 'llt •i f that .pectlrunt. Matlllictie lie v anlli lysis -,litws that all ilhe
IM pIlullne Irt'ti¢ueaiel whieh tcal Ciibe oh•!lait ed beCtWeli ttihc Iw !t aimilit•ier

flundamentals 6237k iland XQ05kllz occur ait 3 kll intervals across thle clectro-
llagnleti st'ctSpieir . (Since this docmellinilt is concerned with a npeieic fapplicatio•l.
only the rs•utll.t ot' ile analysis will bie given; proof of ilt- ailylic: method will
be del'ferred it) L laier report.) Fortunately, tIle 3k1lz salicing does not liiai that
every sutch f'requu.-cy wlvi Ib of* sufflicient amplitude to bIe ditected. II does
miealn. however, that, wheni measuiring levels of hldgher order IM prmtlotis uisingt,
thie IlRM-47. grcil care must he use.L

It illtst hie assured that tile order of*( die interinodulal ion prodtlc f1re-
(lhit'hiLy lth LIILM-4 7 is it:tended to imeastire is in fact the lowest order I1M product
having its Ircqiienvcy within tihe receiver bandwidth. Since the IURM47 hais a
130kllz handwildth, it can theorctically accept 4* IM p'"ituct frequencics (fh

itis case)l ata l iiel This mealli1c mist he till aipper limit ot IM order whic!i
cit accua-teIrly l Ib, m Sured with this receiver Furtherianialysis shows that this
lhiu is at order 1X. for these parit-iculair tralnsitit iidall iel;an tilt!e
ret-eiv'Ig han;dll 3-(t I'TNt, It i liil this reasol tlii theile dtla Ilo l tie .3 aire
Irunetcled fil order IN, Nolt that Ihiii does mil neccsarily teii mitat ahill orders
hilr than I ta X are undelectable.

"lndeed., it caln e reasonably illyotllhs•iled onfli b ile ii (d tilt' iieasrll'd
datha. thai orders higher than IN are deleclahle. If. say. I) ot! tih lreqiicies
ty ing in the receiver haitidwidth are dtcleclhlc thile tIRM-47 will respnlid to themn
all very much ais it would to white njie, 1t1a is, the inldicaltd level would bc

piropoirtional t fl lit' milI power in all the 10 inicriiiodulallion products. So
1l111! 1i I htlrequencies of tile lower order prodlcts %are avoided, iio sigle IM
fIrequenicy will have a large amolultit of power wvlten ctllplared to thet total of
all the power of" other IM frequeincies in the receiver bandwidth. Th'liut. only
relatively sinill changes in tire in•licated level would occur as thle center frequency
of tihe receiver was shifted about.
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TEST D - RE~CEIVING VHF IM WITH VhiF TRANSMISSIONS. On
comparing lthe measurements and equipment status of this test with those of
test C, it is seen that there are significant differences. Transmitters were at
much higther frequencies and mutch lower power, and their signals were radiated
from separate antennas. Also, no special ineasures were taken to prevont thle
fundamental signal of one transmitter from reaching lite final amplifier of lthe
other transmitter, Thle filters required were not available at NELC at the time
of' the tests. Thus, it is possible that some of' tile observed IM interference was
generated in the transmitters themselves.

Because ol' the chanige in tranism itier frequencIIies, [lhe UIZM-47 had sufl-
ficient selectivity to resolve the comiponents of the interniodulatioan spectrum
in this test. When thewe two vhftransinitter l'undamental Frequncie&s (33.75MIli.
and 37.75MI-lz)are a nalyzedl in like manuner as thie hif l'ndainentals, It is l'ou nd
that the minimium theoretical IM product l'reqILtnCY separation is 0.25MIlZ.
This is almost twice the U RM-47 bandwidth (0.1 3M li),

Thle resutl s of this test are fa irly straight torward shipboard in tLrmiodifla-
tion in tcrt'rncne dat a. The audtio effectls observed when receiving at 29.7 51\llz
are similhar to audi efl'clccI obsetrved in tesi 11, T hat i, . ignml s 1'ro m oi lu
transmitters wore mining with own-ship transmnissiont., cauising, significant IM
interf'erence levels. However, the remnote transm~iitter frequencies, the orders oft
tho IM products, and lthe location o)I the interference-generating nonlincarities-
are all unmknown. All tha t is really known is% that th0-C is a, Heriou sOauceC Of
interference. Considering the amplliftudes received, almost everything in the
area near the receiving anteiinas ( Including these same antennas) is suspect.-

TEST F - RlI.-*'IIVlN(i U111 INI WfITH UhF 'I RANSMISSIONS. The
equtipmient arranlgemen~t used in this test is given in figure 6.0. as mnentioned
above. Since the minimumi theoretical interinoditla tion Frequency spacing
between IM products Ot* the two transmnitter tuLndainentals ( Ž43M1 Iz and
256MIlz) is I MI-lz, thec receiving equipment van easily resolve the higher order
products. This is because lite spLctrum11 analyz.er canl he operated with Frequency
resolutit on as fine as I k~lz.

As shown in tahle (0.5, when ineaisuring thw third-order in terniodulat ion
product withi time SR A-3 3 (oLrminatL'( in thec linecar dunmmy loud-i* level of*
3OdlB/pV was olitained. tIhis was disappointitngly high compared to results ol
similar tmeasurements miade onl like design eqtuipmients atboard other ships.
IHowever, %hetn antenna 6-1 Was Used, the level rose to 71 dB/pV1. Theref'ore.
lthe majior portion of' thle interferenwe could be aiscribed to sources outside the
transmitting equipments. Measurements were confiutted at successively higher
IM prdut0Its using antennia 6-1 as lthe transmitter load uintil order 1 .1was

p ~reached, yielding 20dB/MV. At this t'requency. antenna 6-6 was used for cotnl-
parisoit. yielding thle mutch higher level o1' 43dB/pV. At this point, thie test
uising Only uh'tranlsmlitter's was termina ted. Tho ship availability perioid was
drawing to ail end, and it was felt lthe remaining time couid be used to better
advantage thani determining the highest order product between thle uitht
transmnitters.



TFST F. R ECEIVING UHiF IM WITH ONE UHF AND) ONE HF
TRANSMISSION, The goal or this test was simply to determine whether
intetmoduiation products ghenerated by such an arrangement could be detected.
If so. steps could be taken to show whether the hif antenna itself* wis involved
in the generation of file detected IM, Accordingly, a length or dry nylon line
was attached to the hfi transmitting antenna (2-P)at the 07 leviif-so that it
could be safey swung with high rf power applied. Otherwise, the method of
operating the equipments and the measured results arc those summarized In
table (vi.r Note that the power of lthe hit* transmitter was increased to 400 watts
for this test.

Thec levels received at thle third-order product. 273.1A OMIN, are very
interesting and signif'icantf. T[he initial "ats found" level was 6d1/pV. average.
After the antenna was swung, the average level Increased to 26dUJ/VV. Vier-
fore. soinemicZnt ion-typle of nonllinearity within antenna 2-5 contributed in a
inikor way to the interference level received onl antennfa 0-I. 'fiuis 11eanls thiatý
at lthe 1111f transmittecr fu11hndametal frequency. sufficient energy was pre~ent in
lthe Jmict ion to cause thie interfference. lDecouplinig bet wen the two anitenna%

ca 14fely he estuimated as 3OdR. Therefore. the uhf p'lower in antenna 2-5 can
be Cstinliate-d as at few mltli1waits. Of course. (lthe generated uhif IM product had
-to bie ta dia ,Ied back to antenna 6-1 in order that the test receiver could doetec
it. so file total of antenna and decoupling losses had to be overcome. '['bus,
the'level in iantenna 2-5 was much higher than that received. What is probably
more sigtirlieant. however, is the apparently widehand nperation of the inlte-
ference source. Who can say just what frequency this action stops'! Fol
example, antenna 2-5 Is Illuminated by the SPIS-40 radar, which operates at
frequencies somlewhat above 400MlIz. It is entirely reasonable, to assutme that
siitnificant interference is caused by interiliodulation between thie Powerful
transmit ted rada r pulse currents and hf transnmit icr fundamental currents f'low-
ing inl antenna 2-S. Such IM interference would be in addition (t) the radar
spectrumi "skirt- interference, making an already bad situation much worse.

Ret urning it) table 6.6. it is surprising that orders higher thanl 3 wer':
not detected. flhe notise level of* the receiving system is equtivalent ito less than
-23dilijiaV when mneasured at point A in figuare 6.6 and whent I liz bandw-dtl
is Used. t hliS is appr0Xilni3tet SOCltI below ti1e DmeJSUred level of the thir.1-
older products. I'herefore. good mea-surements through at least lthe seventh
order shoutd have been po.%sible. PrtobabNY . thle iuncnt ion source or intIerere nee
inl the anten~na Was dJiturbed by some small mechanical force such as h
breeze. Th'lis Could have Caused it to cease! acting. just as shaking caus:d it
to start.

6.5- PROBiING TESTS
1be probing tests were designed to give more detailed inf~ormnation

abouit sources of topsidle-generated interniodulatioti intemierence than the
previously described sec tionalizing tests. Since the technical goals were dif-
ferent. conisidlerablv different procedures were used and different data resulted.

. ........ ANN%



65.1~ INsrRUMENTATION/PROCIEDURES
Ilic transmitting system used hli these tests is given in figure 6.3. It

was operated iil locked-key mode, which was not trueC inl the seectionalkiJng
tests. On the other hand, two receiver systems wero used. One receiver, hfere-
after callei thfe reference receiver, waIs thle equtipmIent eC01nneCte( Ias inl figure 6.5,
e~x(cept tIm t only a single vhfr antenna was usedi. Theli reference receiver was
tunied to 52 098Hk~l-, which is the frequency 1 4lV'I -41- '. 'Ilie second receiver
systein is called thle p~rolbing SyStem. and11 is de00-iib1d inl fiplure (1.7. ThIis systeml
was tuned to 28 2.51 k li 113 l-l61-" ). Bait tery operation of the probing u
receiver is essential since it must he carriedl a bout topside. The loop antlennal
is Lised Io pro be spec i l'ie suspe L~ed lint Crniod-ulaitn goilpnentrsat f il Ite (illned
frequency. I laying toun id somne physica le I'uare of the shi ip whichi is carry ing
lthe IM current, it is necessary to prove that lthe signal fromi Ihat source is inl
faIct detectahle hy thle ship\' receivers. Thaln is tile funiction of lthe recfcrence
rL'cciver. The (eletcictI avai'~gk level uils p lli% i-cfreteicute is observed While filhe

llpClCid inlC'I0erL'erui 'our-cc is mechaniically nIaiiipiillatc~d. it ;I Iliiiclioii I' p
tuleicidci is :s1isp~clcd. I hIls 01han1ps the lirohIcitiCS 01t 1Cithe *juloi 1111d, tituS,
lilt, IMN level genlerated thlerein. II lthe average level it the reference receiver
chianges inl synic ironl isml , a sign il'ican i souri ce hias bee a localted. NalI rallIy, tidue
regard miust he given to persomieuc satl'ety. as was done duiring thie probling test
of antenna 2-5, with power appliedl Ili that casi,junclimis were disturbed with
-I long dielectric rod.

When probing at thle I'i udit (leck level, thle aboave pr.)codtii wYas varied
somewhat aIsa mla tier of, cotiven ictice, A suIspect e(l signii i cat sour1Ce WaN
founid whit lifte prohe. as, before, Next, thec probe a ntenna Was used to sense
tile hiitormodlalation ciii-runrt 'lowing Iin aneI rearby receiving a iitenna , snic eias
anitenlna 1-4. Then. thle suspect juncntion was disturbed, anad the sa ne decision
1.11 il l a p it'd.

NELC iO-30MHz 20ft RG-223TUE
BANOPASS ? SHIELDED I

FILERLOP NTENNAJMUNE

THESE UNITS LASHED NON POLE

TOGETHERI FOR CONVENIENCE

REEVRDC REMOTE

NM- 5TMETER

AF OPERATOR'S
EARPHON ES

Figure' 6.7. tWO JIMA Ill topside IMt source locaiiirg, t uipi c ii



6.5.2 RESULTS
Oi thle basis of' tile %eetionalizing test results, the probing tests wore

begun with an investigation ofantienna 2-5 at tile 07 level of thle island suiper-
structure. It was quickly found that no single junction Within tile antenna
assembly could bic called "the' source of interference, Thle reason for this is
eaosil sen in, figure 0.14. Thle upper photograph (A) shows a gencral view of
the anitennia looking f'orward toward the antenna reedpoint, which is shown in
the lower center. Filergy flows fromi this point to nine phosphor bronz~e wires'
which spread outi to (ihe large spreader bar that traverses the conter foreground.

VHF

8. COMMUNICATIONS

Figure 6.8. IWO JIMA antenna 2-5 showing multiplicity of springs, shackles, turnbuckles, etc. (A).
and oilier closely located antennas (8).



iqJotice tile mjultiplicity of springs, shackles, tornbuckkks. etC., used to hold thle
assembly together. Almost every joint inl the assembly yielded some sort of'
interrermen effect. Some yielded only bursts of broadband noise, while
others also caused measurable changes in the average level of the interilodUla-
lion product at lthe reference teceiver, The lower photograph (B) shows
another view tatken looking aft front a point just to starboard of tlic antenna
feedpcint. The structure in lthe background supports soveral vhf cornmnunica-
tions antennas, which can be ween mounted around its uipper edge. Sonme of'
these antennas are almost within arms' reach of antenna 2-5.

A.

COPPER
STRAPS

Figure 69. Fcedpoint and mnatching network of IWO JIMA antenna 2-5 showing ferromagnietic
.steel feed block (A) and copper straps "grounding" steel case to steel support bracket (B).



Figure 6.9 shows two close-up views of the antenna impedance match-
ing network. In the upper photograph (6.9A), the antenna feedpoint and its
support ing strain insulator ctn be seen. Figure 6.10 shows two close-up views
of the feedpoint hardware. Almost all the equipment in these four photo-
graphs is made of ferrornagnetic steel. Exceptions are the antenna wires
themselves, tlhe feedwire, the insulators, and the copper strap, (fig. 6.9B1) which
are used to "ground" the steel case of the matching network to its steel support
bracket, It Is believed the use of the ferromagnetic parts in the high current
paths of the antenna yielded the very steady levels of intcrnodulation products .1
observed in sectlonatlizlng test B (table 6•.2).

A.

B.

Figure 6.10. IWO JIMA antenna 2-S. fedpolnt details.



Probing wa• extended to other items on the island, Two sources outside
antenna 2-5 were found. One of these is shown in figure 6.1 I. In figure 6.1 IA,
a protective waveguide cover touches the sharp edge of the waveguide. In
figure 6.11 B. the sanie aluminum cover is bolted to a steel support bracket.

COVER TOUCHING
A, SHARP EDGE

OF WAVEGUIDE

COVER BOLTED
B. TO STEEL SUPPORTBRACKET

j:i

gigure 6.11. IWO JIMA lopside IM source: protective aluminum waveguidc cover.
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A general view of this assembly is shown in figure 6.SA, just to the right o1
the antenna 2-5 matching network. The other source is really not a single
thing. but a class of items. These are the vhf antennas, of which iome snic les
are shown in figure 6.12, in 6.1 2A. the probe antenna senses the interference
generaited in the cable leading to an AS-1729). In 6.12B. a differenmt type
antenma is shown. The jointed counterpoise rods in this antenna are the sources.
Note that the outboard counterpoise rod has lost its outer end.

A. CABLE LEADING TO AS-1 729

JOINTED

COUNTERPOISE
RODS

Figure 6.12. IWO JIMA topside IM sou:ces: vhfani eams.
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After probing of the island was complete, the flight deck areas were
investigated, Surprisingly, of all the many possibilities, only tile two lifeline
assemblies at tlw extreme fore and aft ends of the flight deck were found to
be generators ot high-order intermodulation. Figure 6.1 3A shows how the
IM signal was sensed at the ship's receiving antenna, while figure 6.1 3D shows
one set of lifeline junctions. There were several items which generated only
bursts or' aoise detectable at the ship's receiving anltennas when the items were
shaken. These were the jackstaf'f and the flagstaff and several short, metallic
ladders leading down from the flight deck to the peripheral gallery,

* A.

SENSING
INTERFERENCE
AT' SH IP's

A ANECVNNA

B.

* 4-.

Figure 6.13. Evaluating IWO JIMA topside IM sources: lifelire assemblies on flight deck.
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6k6 TOPSIDE INSPECTION

The probing tests concluded actual quantitative testing aboard IWO
JIMA. However, the Investigators were concerned that other broadband trans-
mitting antennas aboard the ship would exhibit nonlinear properties similar to
antenna 2-5. Antenna 2-8 (18-27Mliz) was visually inspected using binoculars.
Hardware similar to that of antenna 2-5 was used, and some parts were rusty,
indicating use of ferromagnetic materials. Antenna 2-1 (2-6M|lz) was given
closer inspection since it was lowered to the flight deck one day for maintenance.
Figure 6.14 shows two views of the ferromagnetic blocks used as the feedpoints
of this antenna.

A.

~. L -'

Figure 6,14. iWO JIMA antenna 2-I, feedpaint details.

6

I



6.7 GUIDANCE
I'lIhC I IIL c n tuica tlo I %su iI I boa rd IWO J IM A is to be modecrn ized. I t

is believed the result will lbe a stilt very IIlILICI HLk that ot'her sister ship USS
TRII'OLI. TRIPOLI has three broadband hif'receiving antennas each feeding
thle a ppropriate SRA-38, -39, -40 series rece iving inlltitcoupler. Biroadbanid
island transmnitting antennas are fed by SRA-56, -57, -58 mol.1tiCou1pkrs.
Shaped feed antennas (as opposed to thle old-sty~e f'olded fan) are used in the
r-30M1ilz range, while the twinl-run type is retai:r.'d inl the 2-4Mfz band. At
vhft, transceiversire protectod from interacting vwtli each other by Use Of
SRA-6() mullicouplekrs withi broadbandl AS-2231 i tennus. These designl
changes are based onl siound engineering iapproacieCs lo compatible nperalIion
of commnliticatiomi equipmelnts aboard warships. IThey are essun tiau
Unfortunately, they are niot Sa fieieaIlI.

Sorlicieticy requnircs dial genera 1101 ot' in termdt-ia1.1.tiicll initicrericec
in. sayv. t he broadbha nd circuitry of*;a Ira nsuaitt lug sy stemn he 50u pressed. I .1 ear.
111~1cl Itiflfl of' the signal comlbiller inl the tranlsmlitting uaak11icoupler, Illv coaxi;fd

carefully designed, highay efficient antennia wi~l radkite the intrlerlerncu 'or
(letect~on by own-ship rekeivers. As the daita ol* this document show. failuire to
achiieve I incair operation of a broadband transmitting antenna cani produce sig-
nilficant interference levels over a band ol' frequencies much greater than thle
design bandwidth of the a tienna. Tro avoidI similiar elreae t, Iinthe moderni,.ed
transmitter system, the new antenna matclhing networks and thle new ai tennas
must not include the following: (aI) loose joinits or joints thaki canl become loose
af'ter subjection to shiock. vihrauion. and corrosive a liiospheresý (hi ferronuag-
net ic mnaterials. Further, restiriction of t his guidance to just tite Ilf transmnitt ing
Sy'StemlS Would1. be crr-oneous. It shntid bie ipplhied to other hands, whether
receiving or transmit tingu.

Ani exam ple of' lbis line of thinking is the AS-2231I vhfl dipole. Ani
anltennla of this type is presently undergoing, shock and vibration testing at
N ITl.. It was visually inspected for possible nionlin ear ch.tvtiem's ibel0''r Ihose
tests were begun. In thle weatherproof box whlerein the eoaxial cable is con-
nected to thle antenna acssemlbly. two) hermetically sealed coaxial connectors
were founid: one was a U(G-30E/U double female: tile other w~as at UG-680/U
panel connector. Since thle box is only weath-!rprolf', hernmettally sealed
connectors which have ferromagnletic center cnmductors are not icequired.

r ~They should be replacedl with UG-30/11 (note lie absence of lthe letter suf'fix! I
anl UG 11-58A!U types. IUnfortunate11y. tile UG-30/U1 is not available from
Navy supplies: it must be obtaineod from comolL rcilt sourt~es.

It is belicv-.:d that guidmance giv~en by NE I .C directed toward reduct ion
of' in termoduLaat ion i nterferenceiLLbourd L.I'll-cla; ships should, at this timei.
he limlitedI inl scope. Te.sts Were not carried out withi the, hirlher transmitter
powcrs, its described inl section 6.4. The. primary micson for this was twit the
"Nvorst'' source ot' interference tiranlsmittingp an te.1 im. 2-5) couldi not he teml-
pa arari Iy elimin i a ed so that mlany less impfl poll ant 1VO so escoold be fdlbaid . Tb us,
a;I Il~l I 01 tan asbe iCII pre pa red which woold Ct clan Ma t thle most mm p101,r ta
souirces. It is believed fihi.. plan will achieve signi.fi.lilt reduction of t opside
IM Ninlot rcrc i ce atl rea so nabl)e comt. F igure 0. I 5s ni mat iies thle essenlt ial
Icattltes of, this planl.



|7

yi7) TO BE INSTALLFD IN MODERNIZATION

i |:~~~~~~~~~~hl~llco{X.15ý M1111IeII~tII•:'}cliIiiv IIIlethlCtilil plan f• i i•.• .,;i~Ihp

; h~~~bwd tsiI t .I ;lesta Imid IWO} 11IMA,

ITEM CATEGORY' DESCRIPTION ACTION REQUIRED

A TRANSMIT ANTENNA REPLACE WITH NEW DESIGN; NEW ANTENNA MUST NOT
INCLUDE rERROMAGNETIC MATERIALS OR UNBONDCD
CONNECTIONS.

2 A TRANSMIT ANTENNA SEE ITEM I

3 A TRANSMIT ANTENNA SEE ITEM I

4 A TRANSMIT ANTENNA SEE ITEM I

5 A AS-2231 REPLACE UG-30E AND UG4580 WITH UG-30 AND UG-SBA.

3 B WAVEGUIDE COVER MAKE NEW OF 1/16sm STEEL, WELDED ASSEMBLY,
TACK WELD TO SHIP

7 B BOW LIFE LINE REPLACE PER NAVSHIPS DWG 600-4413577 AND
NAVSCC OWG 805-4543251

a B Al T LIrF LINE SEE 11PM 7.

9 c TYPICAL. THANSMIT COMPLETE, BASIC PEDESIUN OF HF TRi•- "-StdSSIONI
WHIP SYt rEM LINE COMPONENTS. FILTEH PRO ECTIrN FOPF

TRAtNSMITTEII REOUIRED- NO IMMEDIATE SOLUTIn'

1) TYPICAL DECK EDGE TACK WELD, WHERE POSSIBLE. TO SI-'IP

LADO)E.

11 J .ACKSTAFF REPLACE WITH GLASS REINFORCED PLASTIC DESIGN

12 0 FLAGSTAFF HEPLACE WITH GLASS REINFORCED PLASTIC DESIGN

*CATEIOrIES A MAJOR SOURCE; GENERATES HIGH-LEVEL, HIGH-ORDER IM AND NOISE tIURSTS;
ýFFECTIVE OVER WIDE FREQUENCY RANGE.

B PRIMARY SOURCE; SIMILAR TO A, BUT HAS EITHER LOWER LEVELS
OR REDUCED BANDWIC. H.

C - SECONDARY SOURCE; SOURCE OF LOW-LMDER IM AT LOW TRANSMITTER POWER.

D POTENTIAL SOURCE (NOT A PROVEN SOURCE); AT LOW POWER, GENERATES
DETICTARBl. NO;3E LF RSTS UNLY: HIGHER TRANSMITTER POWER MAY CAUSE
DETECTABLE IM GENERATIOIT_

•OTE PLAN ASSUMES MODERNIZATION OF SHIPS' COMMUNICATIONS SUIT & ANTENNA ARRANGEMENT
WILL BE DONE CONCURRENTLY.

B7



6.8 CONCLUSIONS AND RECOMMENDATIONS
a. The objectives of the intermodulation interl•'reneo measurements

program aboaird IWO JIMA have been achieved. Data were obtained which
conclusively show that one broadband hf transmitting. ntenna is the most
serious source of IM interl'erence. Since the remaining broadband antennas
were constructed using the same fabrication techniques or nmateriak, guidance
has been given whereby the same undesired perl'ormance characteristics -ain
he avoided in the new, modernized antennas to he installed. In addition to
the antennas, removal ot' several other sources of interfereLlce having sonie-
what less serious effects is recommended.

h. As a result of this program. the technique of using higher order

intermnod uhlation products to identify the most serio.•s tolpsidc interlferenc
souLrcs hILS hbeen showt1 to 1V 'lloctive. )e1Some jnic •o'nmen are ncdcd.
however. Io spood t the prcess so thatII he work canl he do(nle 11(" re 'cono(ti()-

cally. More thieor't ic.'ily, he lie thod ofa a ulyiiig IM Ir• •i •.cy ,.pec' ratI h
bee ii extended ,o fl hat ,.veral hell0tfr0 '0 - LiricX pl;hi1in.d IIenI'M• :, mi WI r i ,,,
be predicted. I1 his extended method is described in detail in refe-rence 2.
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